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Introduction 
The fossil mammals of the Palestine Caves have been treated in many 
publications, among which a series of papers by BATE (1927 in TuRvn.LE-
PETRE; 1932, 1933, 1934a, b , 1937, 1940, 1942, 1943) is of basic importance. 
Dating by radiocarbon has recently given us an absolute time-scale for the 
archaeological and paleontological sequence, and some remaining chronological 
problems have been clarified by HIGGS (1962). 
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It is a particularly happy circumstance that excavators in the caves of 
Palestine (this geographic term is here taken to include Lebanon) have taken 
great pains to record the source and level of all paleontological specimens; a 
procedure unfortunately not universal in excavation work. As a result, there 
are large and excellently dated samples that gladden the heart of the evolution-
minded paleontologist (H OOIJER, 1961). In the course of a study of Pleistocene 
Carnivora I have had the good fortune t o be able to examine the material from 
several of the most important caves. They are Wad, Skhul, and Tabun at 
Mount Carmel (BATE, 1937); Kebarah (TuRVILLE-PETRE, 1932); Shukbah 
(BATE, 1942) and Zuttiyeh (TuRVILLE-PETRE, 1927) and Ksar 'Akil (HOOIJER, 
1961). 
The Mount Carmel caves 
The group of caves at Mount Carmel covers a particularly long sequence. 
The main features are long established and it is recognised that the earliest 
part, with a progression from the Tayacian and Acheuliean to the Levalloiso-
Mousterian, is represented at the cave of Tabun, whereas el Wad carries the 
sequence up from the Levalloiso-Mousterian through the Aurignacian into 
the Natufian (local Mesolithic). The position of the third cave, Skhtil, has been 
somewhat disputed; this problem has aroused special interest on account of the 
human remains found here. The arrangement recently advocated by HIGGS 
(1961, 1962) places Skhtil between the uppermost levels of Tabtin and the 
lowermost of el Wad, and so indicates that the Cro-~Iagnon-like humans of 
Skhtil were later in date than the Neanderthaloids of Tabtin. As BROTHWELL 
(1962) emphasizes, this arrangement is much more likely to be correct than 
the earlier view in which the chronological order was reversed. 
Climatic interpretations were based by BATE (1937) on her classical Dama-
Gazella graph, showing various changes in the relative numbers of the Fallow 
Deer and the Gazelle. Dama may be considered to repre ent woodland, and 
may be expected to increase under pluvial conditions; Gazella is a form of the 
steppe and desert, and would be present in greater number under dry condi-
tions. In spite of various criticisms of this procedure, it must be regarded as 
basically valid. No doubt human food choice had a great influence on the fossil 
representation in the caves, as the bones are kitchen midden refuse throughout, 
but it is very hard to believe that relative availability of game would not in-
fluence the choice. However, HIGGS (op.cit. ) has directed attention to the 
climatic importance of some other forms as well, and Oxen (Bos) in particular. 
As a grazing form, Bos will increase with the spread of gra land, and, as 
HIGGS shows, is a sensitive indicator of interpluvial conditions at several sites 
on the Mediterranean coast. 
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There are no fossil mammals in the basal (Tayacian) layer C at Tabiin, 
and layers F, Ed and Ec are also poor in bones. Layers Eb and Ea, however, 
indicate relatively dry conditions with plenty of Bos (20.6 and 21.4 % respecti-
vely, according to HrGGS, 1962). The industry of layers F and E is upper 
Acheulean. This is perhaps likely to be a correlative of the Last Interglacial, 
or Eemian. 
Layers D-B of et Tabiin carry a Levalloiso-~Iousterian industry and may 
be regarded as Early Wiirm in date. In layer D there is a reduction of Oxen, 
compared with the preceding layer C (BATE, 1937, p . 149). However, layer 
C shows Bos returrung in force (28.6 % ) and also has a Gazella peak, indicating 
a dry oscillation before the highly wet conditions of Tabiin B were established. 
The dry interval of layer C might conceivably represent an interstadial oscilla-
tion within the Early Wiirm, such as the Amersfoort or Brorup-Loopstedter 
in the scheme of WOLDSTEDT (1962); it appears to be too late for the Eemian, 
and too early for the Great Interstadial (Gottweiger of authors) . 
Tabiin B has more than 90 % Dama and less than one per cent Bos and 
obviously represents a period of relatively moist climate. 
In her Dama-Gazella graph, BATE united Tabiin B and the earliest layer, 
G, of el Wad. This seems a priori unlikely , for the DamafGazella relation at the 
latter level is 104/58, while it is 8206/630 at Tabiin B; the difference is of high 
statistical significance. There would then appear to be a gap in the sequence 
between Tabiin and Wad. 
In the opinion of HrGGS (op.cit.), the gap is filled by the deposits of Skhiil , 
where the Bos percentage is high (33 %) and Gazelle outnumbers Fallow Deer. 
It must also be remembered than Skhiil 2\Ian is definitely more modern in 
type than Tabiin Man. The dry period of khiil may then be dated as the 
Great Interstadial. 
The sequence at el Wad begins with layer G, containing a Levalloiso-Mous-
terian industry . This may probably be regarded as late Interstadial in age. 
Layers F , E, D, and C carry an Aurignacian industry (the Upper Aurignacian 
of level C is now called Atlitian) and have a low percentage of Bos, while the 
Dama content fluctuates between 40 and 60 %- This is obviously the equiva-
lent of the Iain Wiirm. Dama reaches a peak in level D and then rapidly 
declines through level C, which may be regarded as transitional to the Post-
glacial; the uppermost layer, B with a atufian industry, is dry with a very 
low Dama content. 
The record at l\Iount Carmel, thus interpreted, is in good agreement with 
that at other sites in the fediterranean coastal area, e.g. Grotta Romanelli 
(BLANC, 1921 ), Haua Fteah (HrGGS, 1962), and Cueva del Toll (Dol'\TNER & 
Ku RTEN, 1958). The Last Glaciation (Wiirm) takes the form of a bipartite 
pluvial , interrupted by a long dry interstadial. As this is in good agreement with 
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the main features of the Last Glaciation in Europe, the European names 
Eemian, Early Wiirm, Main Wiirm, and Postglacial may be applied to the 
Mount Carmel sequence. As will be shown later on, this contention is strongly 
corroborated by the available radiocarbon dates. The interstadial is evidently 
a correlative of the Paudorf-Arcy in WOLDSTEDT's (1962) scheme, or the 
Gottweig in GRoss's (1959). It is perhaps best at present to use only the neutral 
name >>lnterstadiah. 
Other collections 
The sequence in the Mount Carmel may now be used as a standard for the 
correlation of a number of other cave deposits, as discussed below. 
Kebarah (TuRVILLE-PETRE, 1932; GARROD, 1955). Seven levels or sublevels 
have been separated in this cave, the sequence of which covers about the same 
range as that in el Wad. As in the latter, the earliest level, Kebarah F, carries 
a Levalloiso-Mousterian industry, and this layer may be correlated with Wad G. 
The Aurignacian levels E, D 1 and D may be correlated with levels D-F at 
Wad and date from the Main Wiirm. Layer C has a Kebaran (Mesolithic) 
industry which passes into the lower atufian of layer Band can be but slightly 
earlier. In the uppermost layer, A, the culture is Bronze Age. 
Shukbah (BATE, 1942) There are only two occupation levels with a fauna. 
The early level, D, is Levalloiso-Mousterian. According to a personal communi-
cation by Mr. HIGGS, this layer was deposited prior to a wetter period, and 
is drier than Tabiin B. Bos and Gazella are numerous, deer are rare (BATE, 
op.cit.). This level is perhaps most likely to be of interstadial date. The industry 
is regarded as Upper Levalloiso-Mousterian. The presence of Hy aena hy aena 
prisca may suggest an earlier date, as this form is only present in earlier de-
posits at Mount Carmel. However, extinction is not the best criterion for 
correlation, and the form may have survived in the Judaean Hills even when 
extinct at Mount Carmel. 
The upper occupation level, B, at Shukbah is pper Natufian, and a corre-
lative of Wad B. Finally, a few bones have been found in the superficial layer 
A, the exact age of which is not clear. 
Zuttiyeh (TuRVILLE-PETRE, 1927). The fossil bones are from two occupation 
layers, one with an Acheulean, and the other with a Levalloiso-Mousterian 
industry. The former may be correlated with the Acheulean levels E-F at 
Tabiin. The Levalloiso- 1ousterian may span both the Early Wiirm and the 
Interstadial. 
Ksar 'Akil (HOOIJER, 1961) . The sequence in this rock shelter, situated in 
the Antelias Valley near Beirut, Lebanon, is longer and seemingly more comple-
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te than in any other single cave, and ranges from the early Levalloiso-Mouste-
rian to the Natufian . The precise lithic correlations are not yet available, but 
the faunal history recorded in detail by HOOIJER gives a basis for a climatic 
correlation. 
The fact that Dama is prevalent all through the sequence leads HOOIJER 
to adverse comments on the climatic significance of the Dama-Gazella fluctua-
tion at Carmel. Actually, it only seems to mean that a highly favourable bio-
tope for Fallow Deer remained in the ecological setting of this area even in 
the driest periods. Naturally, the local conditions will always influence the man-
ner in which climatic changes affect the availability of game and the resultant 
composition of midden faunas . In the case of Ksar 'Akil, Bos appears to be an 
excellent climatic indicator, for its frequency changes considerably, and in the 
same manner as at Mount Carmel. In the earliest layers, levels XXXVI to XXX 
the B os content is low, only 3 % -This may be equated with Tabiin Band the 
Early Wiirm. In levels XXIX to XXVI, on the other hand, Bos increases 
to 20 % (of the total of cervids and bovids), which implies a considerable 
spread of grassland. This may be correlated with the Interstadial. At levels 
XXV-XIX the Bos content again decreases to about 5 %, to go down to 
2 % and finally zero in still younger strata. Apparently this is the transition 
to the Main Wiirm. Above level XIX the percentage of Capreolus suddenly 
rises from 4 % to nearly 25 %, to culminate with 30-36 % in levels IX-VI; 
this trend, with a late peak, is suggestively similar to that of Dama at el Wad. 
Perhaps levels VI- XVIII approximately represent the Main Wiirm. In the 
uppermost layers, I-V, Capreolus declines and these are accordingly regarded 
as Postglacial. 
Absolute dates 
As far as the evidence goes, available radiocarbon dates support the correla-
tions given here. Various dates for the Levalloiso-Mousterian indicate a span 
extending from more than 50,000 B.C. (Ras el Kelb) to 32,700 B.C. (Kebarah 
F). The latter date localizes the terminal Levalloiso-Mousterian in the Intersta-
dial. The date 37 ,500 B.C. for Tabiin B falls at the end of the Early Wiirm; the 
date 43,000 B.C. for Ksar 'Akil is of the same order of magnitude and also 
indicates the Early Wiirm. 
In Europe the Main Wiirm began approximately 25,000 B.C. (WOLDSTEDT, 
1962), which is the suggested age of the »fauna! break~ in Palestine (HIGGS, 
1962). Of the Postglacial deposits, those containing lower Natufian may be 
correlated with the Natufian at Jericho for which the date 7,580 B.C. is 
available. 
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TABLE '1. Correlat ion chart. 
Stage I D at es I MOUNT I I SHUKBAH & I KSAR 'AKIL (14B .C. CARMEL KEBARAH ZUTTIYEH 
WAD A Bronze 
Age 
B1 Upper B Upper 
Natufian B Lower X atufian 
Post- 7,580 B2 Lower atufian (Shukbah) Le \·els 
Glacial ± 240 Natufian C Kebaran I -V 
c Atlitian 
D Middle D1 Aurignacian 
Aurignacian 
E Middle D 2 Aurignacian Levels 
Main Aurignacian \"I-XYIII 
Wiirrn F Lower E Aurignacian 
Aurignacian 
(25,000) 
32,700 
G Levalloiso- F Levalloiso- D Le\·alloiso-
Moust erian Mousterian )fousterian 
(Shukbah) Levels 
Inter- SKHUL XIX-
stadia! Levalloiso- Levalloiso- XXIX 
1\Iousterian )lousterian 
(Zuttiyeh) 
37,500 TAB U N Levallo iso- Levels 
Early ± 300 B Levalloiso- )lousterian XXX-
Wiirm 43,000 l\fous t erian (Zuttiyeh) xxxn 
> 50,000 C-D Levalloiso-
Moust erian 
Eem E Acheulean Acheulean 
F Acheulean (Zuttiyeh) 
G Taycian 
No radiocarbon dates for the Acheulean or Tayacian are available and the 
probability of obtaining dates by this method for deposits of uch great age 
is very low. As WOLDSTEDT (op.cit .) shows, the Early \Viirm (Altwiirm + 
Mittelwiirm in his scheme) is relatively complex and there a re warm oscilla-
tions prior to the great Paudorf-Arcy amelioration. On its radiocarbon age 
Tabun B (with Ksar 'Akil) is well up in \VOLD TEnT's t~Iittelwtirm» and it is 
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possible that the drier conditions recorded at level C represent one of the 
intra-Early Wiirm oscillations. 
The sequences in the various cayes and their dating are shown in the 
correlation chart, Table 1. 
Methods of study 
The object of the present study is the evolution of the Carnivora during the 
time span represented in the cave deposits. This is a very short geological 
period and the evolutionary changes are on the infraspecific or population 
level only; they thus have to be studied by statistical methods. The study has 
been limited to the material of teeth , mandibles, and skulls, which is plentiful , 
while postcranial elements are scarce. Of course the importance of the postcra-
nial bones for evolutionary studies should not be overlooked. tudies of the 
present type are however hampered by the lack of adequate recent skeletal 
material. ~lost osteological collections haYe skulls but only few skeletons, and 
population statistics for recent forms are ,·ery hard to obtain. 
It was soon found that the main evolutionary changes affected the average 
body size, as reflected in the size of the skull and teeth. To facilitate the study 
of changes in size a size index has been introduced (KuRTE"', 1959). The size 
in the fossil specimens (sample means or individual measurements as the case 
may be) is expressed as a percentage of a standard, and the percentages for 
different variates are averaged; the resulting figure is regarded as an index 
of the size of the fossil animal in relation to the standard of comparison. In 
most instances, the mean Yalues for a recent sample served as standard of 
comparison, preferably a sample from the "ear East. If the species is now 
extinct in the area, or else if local pecimens haYe not been available to me, 
other standards have been selected, e.g. European samples, or one of the fossil 
samples from Palestine. 
Other changes affect the relative sizes of different parts, and may be studied 
by comparison of various indices, or by means of SniP ox's (19t.1) ratio dia-
gram. Otherwise the statistical methods u ed are only the basic ones, to be 
found in the textbooks; special applications are explained when necessary. 
Abbre iations 
The following abbreviations are used. 
B.:\!., the British ::'lfuseum (Natural History) 
K , number of specimens 
O.R., observed range 
1\f, mean 
S .D ., standard deviation 
\" , Pearsonian coefficient of variation 
D.F., degrees of freedom 
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Systematic descriptions 
The Spotted Hyena, Crocuta crocuta (Erxlehen) 
The Hyaenidae are well represented in the Palestine Caves. The great 
majority of the specimens belong to the Spotted Hyena, which is now extinct 
in the area, whereas only a few fossils are referable to the Striped Hyena, the 
only species now in existence here. The presence of Crocuta crocuta in the 
Pleistocene of Palestine is not surprising, for the species is known to have 
ranged from Korea in the East to Europe in the West. It is now confined to 
the Ethiopian Region. 
Crocuta crocuta is represented as follows. 
Kebarah. Level B, B.M. No. M 16242, complete lower jaw. Level D, B.M. No. 16244, 
right p4; No. M 16243, left mandible; unnumbered, right and left p4, left upper C, left 
P 3 . Level E. right upper C, right P 4 • 
Wad. Level C, left upper C, right P3, right P4 . Level D, right upper C, two left lower 
C. Level E. right and left upper C', left maxilla, two right and one left P2, left p4, two left 
and four right lower C, left P 3, juvenile left mandible, right P4 , right l\I1 • Le el F , right P 4, 
left M1 fragment. Level G, two right ps, right lower C, left P4 , left M1 fragment. 
Sklml. Right P 4 • 
Tabun. Level B, B.M. No. M 1624 5, right mandible; No. 1\I 16246, left P 3; unnumbered, 
left and right upper C. Level D, right P 2, left P2 . 
Unknown Mount Carmel Cave . Left mandible fragment , two left P4 • 
Shukbah. Level D , B.M. No. M '16246, two left maxillae and one left p4_ Lower milk teeth 
(not seen) are also reported by Bate ('1942) 
Zuttiyeh, B.M. No. M 13861, right and left mandibular rami of one individual. 
Ksar' Akil. Three p4, three ps, two P2 , two mandibles, two :M1, two P3 , two P 1,1 All the 
specimens are from the lower half of the deposits and date from the Early Wiirm and the 
Gottweig. 
1 This sample was studied in 1954. Left and right specimens were not separated. 
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o specimens of the Spotted H yena were found in the earliest levels at 
Tabun, that is to say levels E to G. The absence may be significant because 
several specimens of Hyaena hyaena were found at level E. This may suggest 
that Crocuta crocuta did not live in the area during the Eemian Interglacial, 
but immigrated in the Early Wiirm. From then on it has a continuous record 
well up into Natufian times, about 7,500 years B.C. 
Comparisons between the specimens dating from the Early Wiirm, the 
Interstadial, and the Main Wiirm, failed to disclose any significant differences. 
If the means for the entire Pleistocene sample are used as a standard, the size 
TABLI-' 2. Detttal dimensions in fossil Spotted Hyena (Crocuta crocuta) f-rom Palestine: 
statistics fo-r Pleistorene population and individual data fo-r late spectmens 
(Kebarah and Wad) 
I 
N O.R. M S .D. V 
Length, cs 7 15.4-19.3 1 i .8 ± 0.5 1.3 7.4 
Breadth, c• i 12.0- 15.7 13.6 ± 0 .4 1. 2 8.7 
Length, p2 7 1 5.5-18.2 16.7 ± 0.4 1.0 5.9 
Breadth, p2 6 12.3-13 6 1 2.85 ± 0.20 0.50 3.9 
Length, p3 i 22 .7-25.0 23 .92 ± 0.33 0. 3. 7 
Breadth, pa 6 1 6.7-1 8.6 1 7.50±0.2 0 .69 3.9 
Length, p4 9 35.2-39.7 38.4 ± 0 .4 1.3 3.5 
Breadth, p4 8 •19.0-23 .5 2 1. 2 ± 0 .6 1.7 / .8 
Blade 
breadth, p4 9 10.8-1 2.9 11.72± 0.21 0.63 5. 4 
Paracone 
length , p4 8 13.5-14.9 14 .n ± 0.18 0.51 3.6 
Metacone 
length, p4 7 15.5-1/ .6 16.93± 0.27 0.72 4.2 
Length, C; 8 16.o-·l /.3 16.66±0. 15 0.43 2.6 
Breadth, C; 10 12.7-14 .4 13.91± 0.15 0.4 3.4 
Length, Pz 7 14.6-1 i .O 16.4 ± 0.4 1.0 5.9 
Breadth , Pz 7 11.2-13 .0 12 .00± 0.26 0 .68 5.6 
Length, Pa 9 20.4-22.9 21.90 ± 0 .32 0.97 4.5 
Breadth, Pa 8 15.0-1 7.2 16.02 ± 0.33 0.93 5.8 
Length, p4 10 21.0-25.5 23.2 ± 0.5 1.6 i.O 
Breadth, p4 11 1 2.2-16.0 14 .3 ± 0.4 1.2 8.4 
Length, Mt 6 27.3-30.6 29.0 ± 0.5 1.3 4.5 
Breadth, Ml 8 11.6-1 3.9 12.85 ± 0.28 0 .80 6.2 
Talonid 
length, Mt 6 2.0- 3.5 2.72 ± 0.23 0.56 2 1 
1 (A) Mean in % of mean for Cave Hyena, Kent's Cavern. 
2 (B) Mean in % of mean for recent Spotted Hyena. 
(A) l (B)2 1 Kebarah Wad B c 
10 1 109 - 16.3 
101 11 6 - 13.3 
94 103 - -
95 106 - -
97 105 - 22.0 
95 103 - 1/ .4 
94 104 - -
94 100 -
-
96 108 - -
91 106 - -
88 99 - -
100 11 0 - -
101 11 3 - -
99 105 13.8 -
9 / 109 9.0 -
9/ 103 '18 .8 -
97 10 7 1 3. 4 -
96 102 21 .0 22 .7 
95 107 11 .6 13 .2 
89 99 27 -
92 101, 10.1 -
8/ 11 9 - -
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index of the Early Wiirm form is 99.1 %, the Interstadial 100.3 %, and the 
Main Wi.irm similarly 100,a %· The material may thus be treated as a single 
sample, the statistics of which are set forth in tables 2 and 3. ot included 
are the Atlitian specimens from level C of el Wad and the Postglacial mandible 
from level B at Kebarah. 
The Palestine population may be compared with the European Cave H yena 
of the same date, and with the present-day African Spotted H yena, and this 
is done in columns (A) and (B) respectively. (A) is based on the mean values 
for a large sample of the Cave Hyena, Crocuta crocuta spelaea (Goldfuss), from 
Kent's Cavern in Torquay, South Devon. Each entry expresses the mean for 
the Palestine fossil Hyena as a percentage of the corresponding mean in the 
Kent's Cavern form. Most of the teeth average smaller in the Palestine form 
(percentages are below 100); the average is 96.o %· A few teeth , however, are 
as large as in the European Cave Hyena, notably the canines. Analysis of the 
data indicates that this is not fortuitous but that there is a fore-and-aft gradient 
in the relative size of the teeth. The relative lengths of the successive teeth in 
the upper jaw are 101, 94, 97, 94; in the lower jaw 100, 99, 97, 96, 89. The 
Palestine Spotted Hyena thus differs from the Cave Hyena in having relatively 
more powerful canines and anterior premolars, and relatively weaker back 
teeth. The difference is likely to be adaptive and reflect slight differences in 
food habits. The cheek teeth are used in smashing large bones, whereas the 
canines are important in the gripping and worrying of living prey. 
Column (B) shows a similar comparison with the present-day African 
Spotted Hyena. The fossil teeth tend to be markedly larger than the recent, 
the index (or average) being 106,7 %. The fore-and-aft gradient in relative 
size is apparent once more, indicating a local specialization in the Palestine 
population. As regards size the fossil Palestine hyena is approximately inter-
mediate between the African and European forms, as befits its geographic 
position (KURTEN, 1958). 1 It thus links the Spotted Hyena and the Cave 
Hyena into a single Rassenkreis and gives evidence of the specific unity of 
the two forms. 
So far, the Atlitian and Natufian specimens have been left out of the com-
parison. There are three teeth from level Cat '''ad and a mandible from level 
B at Kebarah. 
The teeth from Wad C are smaller than the mean for the Pleistocene 
sample, and one measurement (length of P 3) is below the observed range. 
Though it is not outside the theoritical range of the population, there is a 
suggestion here of a beginning Postglacial reduction in size; the ize index is 95.2. 
1 Fossil African material does not indicat e an y marked ch anges in size in t he African 
form since the Pleistocene. 
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TABLE 3 . Dimensions of the lower jaw in fo ssil and recent forms of the Spotted Hyena 
(Crocuta crocuta). 
Length, Depth, Depth C to Proc. behind M1 
P2-Ml 
condyle coronoid. 
Palestine 
Keba rah level B 1 / 1 83 45 78 
$ ~ D -
-
ca.49 82 
Zuttiyeh 1 /8 89 51 82 
R ecent, Africa (I specimens) 
)lean 1 /6.5±2.8 81.4 ± 1.3 47.4 ± 0.5 85.1 ± 1.3 
Observed range 166-187 8~-93 46-49 80-90 
JViirm Cave H yena 
No. of specimens 16 10 3 1 43 
)lean 19 1.! ± 1 .1 9 1.8± 1.0 53.9 ± 0.5 90.4 ± 0.5 
Observed ra nge 183-200 8/-9/ 49-60 86-97 
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What was apparently the last surviving population of the Spotted Hyena 
in Palestine before its local extinction is represented by the jaw from level B 
of Kebarah. The specimen is remarkable for its dwarf size, in spite of the heavy 
wear of the teeth, showing that it belonged to an old adult. The teeth, the 
dimensions of which are indicated in table 2, ayerage only 84.1 per cent of the 
mean size in the Pleistocene population, and are far below the theoretical range 
limit in that population; there can be no doubt that the specimen represents a 
distinc~, very small form of the Spotted H yena. It also has relatively smaller 
anterior teeth and relatively larger posterior teeth than the Pleistocene Pales-
tine form. 
The specimen is even small compared with the smallest living forms of the 
species, living just under the equator (see KURTEX, 195 ), though its size can 
be matched by some extreme variants in the living population. 
Dimensions of the mandible are indicated in table 3. For comparison a repre-
sentative sample of the European Cave Hyena from the Wi.irm Glaciation, 
and a sample of the living Spotted Hyena, have been analysed. The jawbones 
from Zuttiyeh and level D of Kebarah agree closely enough in size with the 
Recent ones, and are distinctly smaller than in the Cave H yena. The Natufian 
jaw from Kebarah B is at or below the lower limit of observed variation in 
the Recent sample. 
From this study it may be concluded that two successive populations, well 
differentiated from each other and from any other known populations of 
Crocuta crowta, have been living in the Palestine area. They evidently merit 
subspecific designation, and are diagno ed below. 
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Crowta crocuta dorotheae, new subspecies. 
Type: B.M. No. M 13861 , left and right mandibles of single individual (Bate in Turville-
Petre, 1927, p . 39, fig. 1; p. 40, fig. 8). 
Type locality and horizon: Zuttiyeh Cave, Galilee; late Pleistocene (Wiirm). 
Diagtlosis: Intermediate in size between living Spotted Hyena and European Cave 
Hyena; canines and anterior premolars relatively large, carnassials relatively small; dimen-
sions in table 2. 
Geographic and stratigraphic range: Palestine; Early Wiirm to end of Main Wiirm. 
Crocuta crocuta debilis , new subspecies. 
T ype: B.M. No. M 16242 , left and right mandibles of single individual (Plate I ). 
Type locality and hor·izon: Kebarah Cave, Postglacial , lower 1a tufian, radiocarbon 
age ea. 7,500 B.C. 
Diagnosis: A Crocuta crocuta of dwarf size, smaller than other known subspecies. 
Geographic and stratigraphic range : Only known from type locality, but other evidence 
indicating small local rangt, probably relict status, and short time span; probably arose by 
rapid evolution in late Atlitian, Kebaran, or early Natufian time. 
The specimens from Level C of Wad, which are intermediate in size bet-
ween Crocuta crocuta dorotheae and Crocuta crocuta debilis , are not referred to 
one or the other of the subspecies, but are taken to represent the chronocline 
leading from the former to the latter. 
The evolutionary history of the Spotted H yena in Palestine may then be 
summarized as follows. It probably entered the area in the Early Wiirm (or 
re-entered it, for it may have been present here in much earlier times; in Europe 
it is known as far back as the Elster Glaciation). During all of the Early and 
Main Wiirm it seems to have been fairly common, and to show little evolutio-
nary change. This is the distinctive late Pleistocene subspecies, Crocuta crocuta 
dorotheae. At the end of the Pleistocene, however, an episode of rapid dwarfing 
ensued, giving rise to a short-lived subspecies Crowta crowla debilis . Finally, 
the species became extinct in this area. 
The Striped Hyena, Hyaena hyaena (L.) 
The Striped Hyena is only represented by a few teeth of the upper jaw. 
TABUN. Level Ea, B.M. No M 15838 (Bate, 1937, fig. 3), right upper jaw with~ 
M1 and the pos terior root of J>3. Level Eb, left P 2 • Level D, left p4, 
SmJKBAH. Level D, B.M. No. M '16151 (Bate, ibid. , fig. 3i), right P'. 
B ATE (op.cit.) discussed the specimens Nos. M 15 and I 16'151 in 
detail, but did not mention the specimens from Level Eb and level D at Tabiin. 
With this new material in hand the material represents one specimen each 
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TABLF. 4. Dental dimension s in fossil Stri ped H yena from Palestine (Hyaena hyaena prisca) 
compared with m eans in living forms of the same species and of Brown H yena 
H yaena hyaena prisca Recent, means 
Tabun Tabun Shukbah H yaena H yaena 
E D D hyaena brunnea 
Length, p2 17 .6 - - 15.46 16.81 
Breadth, p2 11.1 - - 9.58 11 .50 
Length, p4 32 34.1 32.0 29.57 34 .69 
Breadth, p4 20. 2 - 18.5 - -
Bla de 
breadth, P4 a12 .2 13.5 12.3 10.18 11.77 
Paracone 
le ngth, p4 - 11.6 11.2 - -
Metacone 
len gth, p4 - 12.2 11.3 10.70 13.04 
Breadth, Ml 15.6 - - 1 3. 78 12.23 
Length, l\Il 6.5 - - - -
of P 2 and l'vP, and three upper carnassials. All of these are easily dissociated from 
the main Crocuta sample: P 2 by its rhomboid outline and high central cusp; 
p4 by its shortness, stocky build, and short blade; and l'vP by its large size (tbis 
tooth is vestigial or absent in Crocuta). 
The fossil specimens represent animals of quite large size, comparable to the 
Recent Hy aena brunnea rather than Hy aena hy aena (see dimensions in table 4). 
A more detailed study, however, shows that the affinities of the fossil form 
lie with the Striped Hyena, not with the Brown Hyena. The relative propor-
tions are set forth in the ratio diagram, fig . 1. Those of Hy aena hy aena are in 
general the same as in the fossil , except that the carnassial blade is somewhat 
narrower; but Hy aena bnmnea deviates still more in this respect. On the other 
band, the latter form is distinguished by a relatively broader pz, a relatively 
longer metastyle blade in P 4 , and particularly, a more reduced upper molar. 
It may be concluded that the fossil Hy aena in Palestine is more closely allied 
to Hy aena hy aena than to any other living species. 
Fossil Striped Hyenas are known from the Pleistocene of Europe, and are 
closely similar to the living, except for their somewhat larger size (HARI.:E, 
1910). They are often regarded as specifically distinct (Hy aena prisca de Serres, 
the type specimen being from the late middJe Pleistocene cave of Lunel- iel) 
and tbis was also the opinion of BATE, who referred the Palestine specimens 
to this species. Probably the morphological identity should be given more 
weight than the slight difference in size, and the fossil forms should be regarded 
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LOG DIFF. SCALE -.10 -.05 0 .05 
p2 LENGTH 
p2 BREADTH 
p4 LENGTH 
p4 BLADE WIDTH 
M1 BREADTH 
H.BRUNN£A H. H YAENA f OSSIL 
FIG. 1. Ratio diagram, showing relative proportions of upper dentitions in recent H yae11a 
hyaena (filled circles) , H yaena brtmnea ((open circles), and fossil H yaena hyaena prisca 
from Palest ine (standard of comparison, crosses). 
as subspecies of Hyaena hyaena. It is interesting to find this population of large 
Striped Hyenas represented not only in Europe but also in Palestine, in an 
area where the species is now represented by a smaller form. As far as I have 
been able to ascertain, there is very little differentiation in size in the Recent 
Striped Hyena, despite its great geographic range in Africa and Asia. 
It is questionable whether the living Striped Hyena in Palestine is a des-
cendant of the P leistocene form. If it is, there has evidently been a reduction 
in size. On the other hand, the Pleistocene population might have become 
extinct locally, and the present-day Palestine Hyena may be an immigrant 
in the area. 
The stratigraphic position of the fossils appears to support the latter inter-
p retation. All of the specimens have been found in layers dating from the 
Early Wiirm, the Eemian Interglacial, and the Inter tadial. Thouah negative 
evidence is unreliable, the complete absence of triped Hyena in the l\Iain 
Wiirm is highly suggestive; the Spotted Hyena is much in evidence in the 
strata of this age. 
As far as it goes, then, the evidence suggests the following history. In the 
Eemian, only the Striped Hyena was present in Palestine. The potted Hyena 
immigrated in the Early Wiirm, and the triped Hyena became extinct locally 
somewhat later on, perhaps in the Interstadial. Again, in P ostglacial (l\Iesoli-
thic?) times, the Spotted Hyena became extinct, and the triped Hyena reap-
peared. The extinctions and immigrations may or may not be eau ally inter-
connected; at least some degree of competition between the two species seems 
likely. 
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The Wildcat, Felis silvestris Schreber 
The Wildcat is well represented at several sites, as follows. 
K ebarah. Level B , five left and eight right mandibles, one of the former a juvenile 
with milk carnassial. 
Wad. Level B, two left and three right mandibles. Level D, two left mandibles and one 
right P4 . Level E, four left and five right mandibles. 
Shukbah. Level B, t wo left and three right manclibles. One of the latter has the alveolus 
for P 2 • 
Tabun. Level Eb. Right lo\\er C. This species? 
Zuttiyeh. B.M. No. M ·13865, right mandible. 
K sar 'Akil. Twelve left and ten right mandibles, two left and two right maxillae, one 
right upper canine, two left and one right lower canines, one left M1. Most specimens are 
from the upper (Main Wiirm) deposits, only a few from the Interstadial, and none from the 
Early Wiirm. 
The present-day Wildcat of Palestine is classified m Felis libyca Forster 
by some authors (ELLERMAN & MORRISON-SCOTT, 1951) but it seems that the 
species cannot be kept apart from Felis silvestris Schreber (HALTENORTH, 
1953). The living subspecies in Palestine, if valid, is F elis silvestris tristrami 
Pocock. I have used a sample of skulls in the Mammal Department of the 
British Museum (Natural History) from the following localities: Ramleh near 
J affa (2); NE of Jiddah; Hedh abu Khashba, S. Arabia; Irak Well, Arabia; 
Arabia; Sinai; and Junction St., Jerusalem. The eight skulls do not form a 
very homogeneous sample geographically but they probably all represent the 
same subspecies. Five of the specimens are female and three are probably male. 
The fossils differ in many respects from the living population, but they 
apparently belong to the same species, and were so classified by BATE (1937) 
and HOOIJER (1961). The possibility that the fossil form might be related to 
some other living species, such as Felis bmgalensis Kerr, Felis rubiginosa 
Geoffroy, or Felis marmorata Martin, has not been overlooked. A series of 
comparisons by means of SrMPSON's ratio diagram indicated closer affinity to 
Felis silvestris, and in particular to the living Spanish subspecies Felis silves-
tris tartessia Wler, than to any of the Oriental species. 
The successive populations in Palestine may probably be regarded as 
representing a single line of descent, at any rate the continuous series from the 
Interstadial to the present day. There is no record from the Early Wiirm, but 
the specimen from Tabiin E shows that the species was present in the Eemian, 
or at any rate a form of about this size; the fossil, a single canine, is not specifi-
cally determinable. 
The statistics for the series of successive populations from the Interstadial 
to the present day are recorded in table 5. The specimens from Zuttiyeh and 
2 
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TABLE 5. Dimensions of mandibles and lower dentitio11s in five temporal samples of the 
Wildcat (Felis silvestris) from Palestine. 
N ::I I S.D. V 
J aw length, C-condyle 
R ecent 8 56.2 ± 1.3 3.8 6.8 
Post glacial 8 56. ± 1.5 4.2 7. 4 
Main Wiirm (late) 1 59 
:Main Wiirm (early) 3 66.3 ± 1.2 
Interst adia l 2 66.5 
Ramus depth behind :M1 
Recent 8 10.3 ± 0.4 1.0 10.0 
Post glacial 21 10.93 ± 0.26 1.18 •10.8 
Main Wiirm (la t e) 13 11.92± 0.28 1.02 8 .6 
:Ma in Wiirm (early) 8 1 2. 1± 0.13 0.37 2.9 
In t erstadial 2 13.0 
Ramus depth a t diastema 
Recent 8 8.8 ± 0.4 1 .2 1 3.6 
Post glacial 19 9.11 ± 0.21 0.94 10.3 
:Main Wiirm (late) 11 10.69 ± 0 .21 0.71 6.6 
Main Wurm (early) 9 10.6 ± 0.23 0.69 6.5 
Interst adial 2 11.1 
Length, diastema 
Recent 8 6.2 ± 0.3 1.0 15.5 
Post glacia l 1 7 5.50 ± 0.16 0.66 12 .0 
Main Wiirm (late) 6 6.22 ± 0.23 0 .56 9.0 
Main Wiirm (early) 5.5 ± 0 .4 1.1 •19.3 
Inters t adial 2 6.0 
L ength, P 3-M1 
Recent 8 20.9 ± 0.3 0.9 4.2 
Post glacial 18 2 1.3 ± 0.4 1.5 6.9 
Main Wiirm (late) 9 23.45 ± 0.33 0.9 4 .2 
Main Wiirm (early) 7 23. :!:0.4 1.0 4 .4 
Interstadial 2 24.4 
L ength, Ci 
Recent 4.14 ± 0.14 0.36 8. 
Post glacial 10 4 .6 ± 0.16 0 .52 11. 1 
Main Wiirm (la te) 5 5.9 ± 0.20 0.45 7.5 
Main Wiirm (early) 7 5.70 ± 0 .11 0.30 5.3 
Breadth, C; 
R ecent 7 3.10 ± 0 .0 0 .22 7.0 
P ostglacial 10 3.65 ± 0.13 0.41 11.1 
Main Wiirm (la te) 6 4 .23 ± 0.20 0.49 11.3 
Main Wiirm (early) 7 4.40 ± 0 .13 0 .34 7.7 
Interstadial 4.0 
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X ::I I S.D. V 
L ength , P3 
R ecent 8 5.39 ± 0. 14 0. 41 1.6 
Post glacia l 17 5. 44 ± 0 .15 0. 61 11.2 
:Main Wiirm (la t e) 12 6.41 ± 0.14 0.50 7.8 
::IIain Wiirm (early) 6.64 ±: 0.2.3 0.62 9.4 
Interst ad.ial 6.5 
Breadth, P3 
Recent 8 2.66 ± 0.09 0. 25 9. 4 
P ost glacial 1 7 3.00 ± 0.06 0.25 8.2 
Main Wiirm (la t e) 12 3.1 2± 0. 08 0.26 8.4 
::'>Ia in Wiirm (early) 3.33 ±: 0.13 0.33 10.0 
Interst adial 3.2 
H eight, P 3 
Recent 6 3.92±0.05 0.12 • 3 .1 
P ostglacia l 15 4.40± 0.09 0. 35 8.1 
l\Iain Wiirm (la t e) 11 4.54 ± 0.12 0.39 8.6 
1\Ia in Wiirm (early) 6 4. 72± 0.12 0.29 6.2 
Inters t ad.i a l 4.9 
L ength , P 4 
Recent 8 /.26 ± 0. !5 0.41 5.7 
Post gla cia l 21 / .49± 0.15 0. 71 9.5 
::'l!a in Wiirm (la t e) 13 /.96 ± 0. 15 0.53 6.6 
l\Ia in Wiirm (early) 10 8.0 ± 0.16 0.51 6.3 
In t erst adia l 3 8.07 ± 0.08 
Breadth, P4 
R ecent 8 3.21± 0.0 0.22 6.8 
P ost gla cia l 19 3.56± 0.0 0.34 9.5 
1\Iain Wiirm (la t e) 13 3.71 ± 0.06 0.22 6.0 
::'>Ia in Wiirm (early) 10 3. 9± 0.09 0.28 7.3 
Inters t ad.i a l 3 3. 0± 0.06 
Pro toconid leng th, P4 
R ecent 3.67±0.07 0.19 5.2 
P ost glacia l 18 4.0 ± 0.0 0.36 8.8 
l\Ia in Wiirm (la t e) 8 4. 41 ± 0. !6 0.46 10.5 
l\Iain Wiirm (early) 9 4.2 ± 0.0 0.25 5.8 
Inte rst a d.ial 4.5 
H eight, P4 
R ecent 5 4.74± 0.06 0.!3 Do 
P ost glacia l 13 5.54±0.12 0.43 / .7 
Main Wiirm (la t e) 7 5.57 ± 0.! 0 .49 8. 7 
Main Wiirm (early) 8 5.40 ± 0.09 0.25 4.6 
Inters t a dial 5.5 
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N M S.D. V 
Length, M1 
R ecent 8 8.69± 0.22 0 .62 7. 1 
Postglacia l 21 8.74 ±0.17 0. 79 9.0 
Main Wiirm (la t e) 13 9.48± 0.15 0.50 5.3 
Main Wiirm (early) 9 9.62± 0.21 0.62 6.5 
Interstadial 10.2 
Breadth, M1 
Recent 8 3.62± 0.11 0.31 8 .5 
Post glacial 20 3.80±0.06 0.29 i .6 
Main Wiirm (late) 1 2 4. 11 ± 0.05 0.16 3. 9 
Main Wiirm (early) 9 4.21 ±0.10 0.29 7.0 
Interst adial 2 4.5 
from Ksar 'Akil below level XVIII form the Interstadial sample. The material 
from the Main Wi.irm has been divided into an early and a late group; the 
former comprises specimens from WadE and Ksar 'Akil X-XVIII, the latter 
from Wad D and Ksar'Akil VI-IX. The Postglacial material comes from the 
Natufian levels and comprises specimens from Kebarah B, Wad B, and Shuk-
bahB. 
V • 
FELlS S!LVESTR/S 
VI KSAR 'AKIL 
VII • 
VIII S 
• 
7 • 
IX a • • 
9 
...J 
10 
w 11 
> 12 • w 
r = 0.613 
...J 13 • 
3.8 4.0 4.2 4J. 4.6 
BREADTH M1 
FIG. 2. Rel ationship between stratigraphic level and width of lower carnassial 
in Felis silvestris from Ksar 'A.kil. 
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FIG. 3. Felis silvestris, right m andibles. Top, B .M. No. 18.8. 1.8 , r ecent, 
J erusalem . Bottom, K sar 'Akil , level VIII, Pleistocene (Main Wiirm). 
Both natural size. 
2'1 
In general the means tend to be higher the older the sample, indicating 
that there has been a gradual reduction in size beginning at an early date in 
the Pleistocene. When size indices are computed (table 6) it is seen that there 
was practically no change at all between the Interstadial and Main Wfum 
(119. s % to 119.1 %) and very little during the course of the Main Wiirm 
(119.1 to 117.1). In Postglacial times, however, the reduction has been drastic: 
from 117.1 % to 106.1 % up to the Mesolitbic, and on to 100 % during the 
last 9,500 years. See also figs. 2-3. 
As an independent measure of differentiation the Generalized distance of 
lVlAHALANOBIS (1936) may be used (SoKAL, 1961) 1. The values for this distance 
(in mm.) were computed on the basis of the dental measurements of table 
5 (except length of C; . which was unknown in one of the samples) and are 
recorded in table 6. The data show a gradual approach towards the modern 
type and the values are fully consistent with the relative ages of the samples. 
The body of table 6 records the means of the fossil samples as percentages of 
the corresponding means in the present-day sample. The only dimension that 
tends to be smaller in the fossils is the length of the diastema, and tbis is short 
simply because the teeth are larger in relation to the mandible. The relativdy 
large size of the canine teeth is notable; in the Main Wiirm, the canines average 
some 40 % larger than the recent, while the other teeth are only 9--25% 
larger. The Mesolithic sample is characterized by relatively higher premolars 
1 The use of this measure is restricted to closely afiiliated forms and forms of about 
t h e same size. 
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T ABLE 6. l'Vl eans for foss il samples of the W ildcat (Felis silvestris) expressed as prece ~1tages 
of homologou s mean in recent sample; w·ith perce11tage means a11d standard deviations , 
compared with generalized distat!ces . 
I Post-Glacial Main W iirm Interst adial 
La t e Early 
Jaw length, C-condyle 101 105 11 8 11 8 
R amus depth behind M1 1 06 11 6 1 24 1 26 
Ramus depth at diastema 1 04 1 2 1 12 1 '126 
Diastema length 89 100 89 97 
Length, P3-M1 10 2 11 2 11 4 11 7 
Length, Ci '11 3 '145 '138 -
Breadth, Ci 118 '13 7 '142 •129 
Length, P 3 10 1 11 9 1 23 1 2 1 
Breadth, P 3 11 3 11 7 1 25 1 20 
H eight, P 3 11 2 11 6 ·J 20 •125 
Length, P 4 103 11 0 1 11 111 
Breadth, P4 111 11 6 1 2 1 11 9 
Protoconid length, P 4 ·t Ot 1 20 11 7 1 23 
H eight, P 4 ·J17 11 8 '11 6 1 '16 
Length, M1 10 1 109 'Ill 11 7 
Breadth, M1 1 05 1 14 11 6 1 24 
M 1 06.1 '11 'j .1 11 9.1 11 9.3 
S .D. 7.5 10 .9 1 '1. 7 1.8 
Generalized Distance 1.29 2.40 2.76 2.94 
(crown height in relation to length) than in the ancestral (:.Iain Wiirm) and 
descendant (recent) form, as shown in table 7. The height index (100 height/ 
length) is more variable in the Postglacial sample than in the others, and the 
lower limit of the observed range is much the same, but the upper limit is high.:r. 
TABLE 7. H eight i ndices (100 height ;le11gth) for P 3 and P 4 in samples of Wildcat 
(F elis silvestris) from Palestine . 
I N O.R. :.r S.D. 
PS 
Recent 6 69- 82 4.0 ± 2.0 5 .0 
Postglacial 1 6 65 - 94 'j .4 ± 2.2 8 .9 
Wiirm 1 7 63- 81 70 .1± 1.1 4.6 
p4 
R ecent 5 62-70 67 .4 ± 1.5 3.4 
Postglacia l 13 63- 83 13.6± 1.6 5.6 
Wiirm 1 5 62 - ii 6 7.7 ± 1.0 4 .0 
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In post-l\Iesolithic times, the height index reverts to the same value as in the 
Main Wiirm (P.) or to an intermediate value (P3). 
The Pleistocene Wildcat of Palestine resembles the present-day Felis sil-
vestris tartessia in its large size, with relatively large canines, low crowned 
premolars, and short premolar-canine diastema. The resemblance is close 
enough to be somewhat surprising in view of the geographic and chronological 
distance. 
The size of the Wildcat in central and northern Europe has undergone a 
considerable reduction since the Pleistocene (DEGERD0L, 1933; HELBING, 1935; 
KURTEN, 1959). The European populations, however, lived in areas directly 
influenced by the Pleistocene glaciations. Palestine was not in the periglacial 
of the Wiirm, and the large size of its Pleistocene Wildcat cannot be regarded 
as a cold-climate adaptation. At present, furthermore, the largest European 
Wildcats live in the south (in Spain), and the smallest in the north (in Scotland). 
The ?Jungle Cat, F elis cf. chaus Schreber 
Remains of a medium-sized cat have been referred to Jungle Cat by BATE 
(1927, p. 29; Zuttiyeh) and HOOIJER (1961, p. 29; Ksar 'Akil). Only the latter 
specimens were seen by me. 
K sdr 'Akil. Left maxilla with J>3, isolated right P', right mandible fragment with M1. 
The Jungle Cat belongs to the present-day fauna in Palestine, and the re-
ference of the fossil specimens to this species is presumably based on zoogeo-
graphic as well as morphological considerations. It should be noted that, 
among the living cats of approximately this size (such as Felis caracal, Felis 
serval, and Felis viverrina), there is at least one, the Golden Cat (Felis temmincki 
Vigors & Horsfield) which seems to be at least as dose to the fossil specimens 
in size and morphology, as the Jungle Cat. Its present-day range, however, is 
so distant from Palestine that its presence here in the Pleistocene may seem 
doubtful; ELLERMA.'< & l\IoRRI ox- coTT (1951) list it from Tibet, epal, 
Assam, Burma, and further to the east. 
The specimens from Ksar 'Aki1 date from the end of the Interstadial or the 
beginning of the Main Wiirm. That from Zuttiyeh is apparently of Interstedial 
age. 
The Leopard, Felis pardus L. 
The Leopard is not uncommon in the earlier strata, particularly at Tabiin. 
Finds from later levels are sparse but the record seems to indicate that the 
species was present continuously into Postglacial times. It is known to have 
survived in Palestine in historical time. 
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Slmkbah. Level A, B.M. No. M 1624 8, left maxilla . 
Wad. Level E, right mandible, right M1. 
Zuttiyeh. B.M. No. M 13874, left P3 and P'. 
K sar 'A kil. Two right maxillae, right upper C, right P4 fragment, right and left mandi-
bles, left lower C, left P 3 , P 4 , and M1 fragment. All the specimens from the Interst adial 
except for the left mandible, from the end of the Main Wiirm. 
Tabtm . Chimney II, left and right upper C, left and right P', left lower C, left an d right 
P 4• Level B, left upper C, left P 3, two left and two right P', t wo left and one right lower 
C, left and right mandibles, two left P 4 , two left and two right M1 • 
Most of the material dates from the Early Wiirm and the Interstadial. 
The low degree of size variation indicates that all the specimens are derived 
from a single paleopopulation. There is however a suggestion of a fluctuation 
in size correlated with the pluvial-interpluvial sequence. The size indices (in 
comparison with the recerit population; see below) are: Early Wiirm, 110.9; 
Interstadial 118,s; Main Wiirm, 103.o; Postglacial, 117.5. If the trend is real, 
the Leopard of the wet periods, presumably a forest form , would be somewhat 
smaller, on an average, than that from the dry periods; the latter might then 
be interpreted as a form adapted to open country. On the other hand, some of 
the apparent differences may be simply due to sex dimorphism in size. The 
large Postglacial jaw from Shukbah may be male; and the small specimen from 
WadE, dating from the Main Wiirm (the lower limits of O.R. in table 8 for 
P 3 , P4 , and M, represent this specimen), may have belonged to a small female. 
The statistics in table 8 are accordingly based on the whole fossil sample. 
For comparative purposes I have used the data on Recent Leopards pub-
lished by ScHMID (1940). A small number (3) of Persian Leopard skulls in the 
British Museum, representing the subspecies F elis pardus sa:xicolor (Pocock). 
have somewhat greater average dimensions than those in SCHMID's main 
sample, but apparently all the specimens are male. The subspecies Felis pardus 
nimr Hemprich & Ehrenberg is represented in the British Museum by a single 
skull of extraordinarily small dimensions, from Yemen (No. 55.428). I have 
seen no skull material of the alleged subspecies from Sinai, F elis pardus j arvisi 
(Pocock). At present it seems that the best course is to compare the fossil 
material with SCHMID's entire sample, drawn from the main part of the range 
of the living population in Africa and Asia. 
BATE (1937) and HOOIJER (1961) have both commented on the large size of 
the fossil Leopard from Palestine. Even in these small samples of 5-10 speci-
mens the upper limit of the observed range in many cases exceeds that for the 
entire Recent material of SCHMID, and the means are significantly higher 
almost throughout. 1 
1 Scmnn gives N, O.R ., first and third quartile, and mean (not median). The standa rd 
d eviation (anrl hence the standard error of the mean) may be calcula t ed approximat ely 
from these d ata. 
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TABLE 8. Tooth dimensio1ts in tile Leopard, Felis pardus, fossil sample from Palestine 
caves and recent sample from Africa and Asia (after SCH}.UD). 
N O.R . lii S.D. 
Length, C5 
Recent 104 10.4-1 7.6 1 3.5 
Fossil 5 13.7-18.5 16.3 ±0.8 1.7 
Breadth, cs 
Recent 124. 8.1-12.8 10.4 
Fossil 5 10.9-13.6 12 .3 ±0.4 1.0 
Length, P3 
Recent 157 12.9-20.0 16.1 
Fossil 5 15.4-20.5 18.1 ±0.9 2.0 
Breadth, P3 
Recent 150 6.3-10.3 7.9 
Fossil 6 8.0-10.7 8.8 ±0.4 1.0 
Height, P3 
Recent 94 7.5- 11.1 9.4 
Fossil 4 9.2-11.3 10.4 ±0.6 
Length, P 4 
Recent 153 20.2-28.2 24.2 
Fossil 8 24. -29.0 26.5 ±0.8 2.3 
Breadth, p4 
Recent 154 9.7-15.7 12.2 
Fossil 8 12.4-1 5.2 13.4 ±0.3 1.0 
Blade breadth, P' 
Recent 156 6.7- 9.5 8.1 
Fossil 10 8 .5-10.2 9.37±0.16 0.51 
P aracone length, p4 
Recent 156 /.7- 10.2 9.6 
Fossil 10 9.5-11.6 10.75±0.20 0.64 
Metacone length, pi 
Recent 154 7.9-11 .5 9.7 
Fossil 8 10.0-12.1 10.62±0.23 0.66 
Length, Cj 
Recent 101 10.0-16.7 12.7 
Fossil 6 12.6- l / .0 14.5 ± 0.6 1.5 
Breadth, C; 
Recent 102 7.3-12.4 9.6 
Fossil 5 9.7- 11 .3 10.74±0.27 0.61 
Length, P 3 
Recent 146 8.5-14 .4 11 .5 
Fossil 3 11 .1- 13.0 12.4 ± 0 .6 
Breadth, P1 
Recent 146 4.5- 7.1 5.8 
Fossil 3 6.0- 7.2 6.6 ±O.s 
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N O.R. S.D. 
H eight, P3 
Recent '1'1 4 5.2 - 8.0 6.6 
Fossil 3 6.9 - /.7 /.30 ± 0.23 
Length, P4 
R ecent 15 7 13.5- 20.4 •16.9 
Fossil 9 1 i.3-20 .6 18.7 ±0 .4 1. 2 
Beadth, P4 
Recent 15 7 6.8- 9 .7 8 .1 
Fossil 9 8.2-"1 0.6 9.53 ± 0.29 0 .86 
Protoconid length, P4 
R ecent 157 6.9-1 0.4 8.4 
Fossil 6 9.9 -11.7 "1 0.37± 0.31 0.69 
H eight, P4 
Recent 105 8.9-1 3.0 1 0.9 
Fossil 5 t O 7'2 -1 2.6 1 1.9 ± 0 .4 0 .8 
Length, M1 
R ecent '16 7 14.6-2 1.1 •1 /.5 
Foss il 5 1 8.3-21 .0 19.3 ± 0.5 l.l 
Breadth, M1 
Recent 170 6.8-1 0.2 8.2 
F ossil 8.3-10.0 8 . 3± 0.22 0 .57 
There is some local differentiation in size among living Leopards. In parti-
cular, the form living in the Malay Archipelago (Felis pardt•s melas Cuvier) 
is distinguished by relatively small dimensions. An example of differentiation 
in the living species was obtained by comparing this subspecies with the 
African Leopard, on the basis of ScHMin's data. (The form living in Northeast 
Asia may be still larger than the African, but it is not included in ScHMm's 
study.) 
The two comparisons are summarized in table 9. Column (A) gives the 
excess of size in the fossil Leopard o er the Recent in the form of the difference 
between the means for the t wo samples, expressed as a percentage of the 
Recent mean; the data are from t able 6. In column (B) a similar comparison is 
made between the Recent African Leopard and the insular Felis pardtes melas 
(the percentages relate to the means for the latter). 
The mean of the percentages under (A) is 12. %. which is then the average 
difference in dental dimensions between the fossil Leopard of Palestine, and 
the Recent species. This is a much greater difference than that between the 
t wo living populations, which is only 7. s %. On the other hand, the differentia-
tion as regards relative proportions is about the same in both cases; this is 
measured by the standard deviations of the percentages, which a re 4.2 and 
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TABLE 9. Compariso 1zs between mean dimen>ions of teeth in populations of the Leopard, 
Fe lis pardus. (A) excess in mean size of fossil L eopard from Palestine over Recent African 
and A siatic leopard, expressed as a prece11tage of the mean for the latter. (B), analogous 
comparison between Recent African and 111alay Archipelago forms. Also given are means 
and standard deviations for the percentages . 
A B A B 
Length, C5 21 5 Blade breadth, p4 16 7 
Breadth, C5 18 -1 Paracone length , p4 12 14 
Le ngth, C; 14 5 ~letacone length , p4 9 11 
Breadth, C; 12 Length, P4 11 13 
Length, P 3 ·J3 10 Breadth, P4 1 8 7 
Breadth, p3 11 Protoconid length, P4 23 6 
Height, P 3 11 0 H eight , P4 9 6 
Length, P 3 8 1 2 Length, l'll1 10 12 
Breadth, P 3 14 9 Breadth, M1 8 8 
Height, P 3 1"1 3 
Length, p4 10 l 0 ?\lean 12.8 7.5 
Breadth, P4 10 1 2 Standard dedation 4.2 4 .3 
4. s respectively. In this respect, thus, the fossil form is as much differentiated 
from the living as are two Recent subspecies from each other. 
The type of differentiation found is not, however, the same in both cases. 
For instance, the fossil Leopard from Palestine is distinguished from the 
Recent form by its very large canine teeth; on the other hand, the two Recent 
forms differ from each other much less in canine size than in the size of other 
teeth. The degree of consistency in the two instances of differentiation may be 
measured by calculation of the correlation between the numbers tabulated in 
columns (A) and (B). The result is r = -O. s , which is not a significant value 
for 19 degrees of freedom . 
The European Pleistocene Leopard tends to be as large as that of Palestine 
(HOOIJER, op.cit.). The Chinese specimens from Choukoutien reach even 
greater dimensions, both in the middle Pleistocene (Loc. 1) and in the late 
Pleistocene ( pper Cave) as noted by HOOIJ ER (op.cit. ). On the other hand 
the middle Pleistocene Leopard from wartkrans in Transvaal is as small as 
the living form, or even smaller (Ev.TER, 1956). How far this may be true for 
African Pleistocene Leopards in general is uncertain , but at any rate it seems 
on present data that the Pleistocene and Postglacial form in Palestine was 
closely allied to the European population. It would be interesting to know if 
the last survivors in this area were still of the same type. At any rate the sub-
fossil specimen from hukbah indicates a late date for the large form of Leopard 
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here. On the other hand, the very small size of the Recent Yemen skull in the 
British Museum collections (on an average only 70 % of the fossil means) 
may be evidence of a rapid Recent dwarfing in the local population analogous 
to that in the Spotted Hyena. If so, however, the dwarfing must have occurred 
later in time in the Leopard than in the H yena; for by the time that the great 
Shukbah Leopard lived, the Spotted Hyena had already become the dwarfed 
form Crocuta crocuta debilis, and may actually have been extinct. 
The Marbled Polecat, V ormela peregusna Gi.ildenstaedt. 
The Marbled Polecat has only rarely been found in the Palestine caves. 
The following specimens were seen by me. 
Shukbah. Left mandible. 
K ebarah. Level B , m andible. Level E , right mandible. 
Wad. Level B. left mandible. {Plate 2, A). 
Skhul. Right mandible. 
Zuttiyeh. B .M. No. M 13881, occipital p art of skull (Plate 2, D). 
A small Recent sample of skulls in the collection of the British Museum, 
obtained from Balkan, Asia Minor, and Palestine, was used for comparison . 
Table 10 gives the main dimensions. There is little differentiation between 
the Recent and fossil samples (fig. 3). The fossil skull, of which the hind part 
only is present, appears to be somewhat smaller in some dimensions than the 
Recent ones (fig. 4), but the smallest of the Recent specimens available to me 
TABLE 10. Marbled Polecat (Vormela peregusna), dimensions of lower teeth, mandible, and 
hind part of skull, in fossils from P alestine and recent specimens from Balkan, Asia Minor, 
and Palestine. 
I 
Fossil I Recent N M O.R. T M O.R. 
Breadth, Ci 1 a3.2 - 4 3.62 2.7- 3.8 
Length, P 2 1 2.1 - 4 1.68 1.3- 1.7 
Length, P 3 2 2.9 2. - 3.0 4 3.05 2.6- 3.5 
Length, P, 4 3.80 3.4- 4.3 3 4.00 3.8- 4.2 
Length, M1 5 6.84 6.2- 7.S 4 6.55 6.2- 7.0 
Breadth, M1 5 2.80 2.5- 3.1 4 2.80 2.6- 3.0 
Trigonid length, M1 5 4.84 4.5- 5.1 4 4.65 4.4- 5.0 
Length, mandible 4 32.2 29.4-36.3 4 32 .6 29. - 34 .9 
Depth, ramus (P3-P4} 5 5.96 5.9- 6. 4 5.& 5.9- 6.s 
Postorbital constriction 1 10.2 - 5 11.60 9. - ·12.4 
Width, braincase 1 23.4 - 4 25.7 24.8-27.7 
Width over condyles 1 12.3 - 2 13.8 13.4-14 .2 
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(B.M. No. 17. 7. 25. 1. from Macedonia) was damaged and gave no data on 
braincase width and condylar width; these may well have been approximately 
as in the fossil specimen. Again, the sole known fossil specimen of P 2 is larger 
than any of the Recent, but this tooth appears to be highly variable and it is 
doubtful whether the character is important. 
The available material carries the history of the species back to the Intersta-
dial. Its fossil history in general is little known. 
The Beech Marten, Martes foina Erxleben 
The Marten from the Palestine caves has usually been cited as M artes sp. 
or Martes cf. martes (L. ). The two living European species, the Pine Marten 
and the Beech Marten, are relatively dose to each other in cranial and dental 
morphology. Upper dentitions usually show diagnostic characters, but the 
fossil material is almost entirely restricted to lower jaws and dentitions. Never-
theless it can be shown that at least the main part of the material, and probably 
all of it, belongs to the Beech Marten. This is of considerable interest, for the 
fossil history of this species is very incompletely known. 
K ebarah. Level B, three left and one right mandibles. Level C, three left and one right 
mandibles. Level E. one right mandible. See Plate 3, A-B. 
Shukbah. Level A, one left mandible. Level B, one left mandible. 
Wad. Level B, one right mandible. Level C, three left and one right mandibles. Level 
D , right maxilla; three left and two right mandibles. Level E . left maxillary fragment; 
three left and one right mandibles. 
Ksar 'Akil. Four left and nine right mandibles; left lower C. All date from the Main 
Wiirm. 
Differences in the lower teeth of Pine Marten and Beech Marten run to 
gradations rather than to clear-cut characters, but by use of population trends 
and averages, in comparison with recent samples, a positive identification may 
nevertheless be made. For comparative purposes the following material has 
been used. 
Martes martes . 7 Swedish, 10 Central European, and 3 British specimens. 
JI.Iartes joina. 8 Danish and 16 Central European specimens. 
The samples are from the Zoological Institute of the 'Cniversity of Lund, the Museum 
of Goteborg, the Senckenberg Museum in Frankfurt, and the Zoological Museum of the 
University of Cambridge. 
The two species of marten may usually be separated on the size of the small 
first lower premolar, which is much more reduced in Martes foina, on an 
average, than in M artes martes. The mean lengths for this tooth are 1.so mm. 
and 1.D7 mm. in the Central European and candinavian samples of the Beech 
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Marten, respectively; in the corresponding Pine Marten samples, the means 
were 2. sl and 2.50 mm. The ranges of variation, however, overlap (i.s-2.2 mm. 
in the Beech Marten, 2.o-3.o for the Pine l\Iarten.) Unfortunately, the single 
extant specimen of P 1 in the Palestine fossil jaws (from level B of Kebarah) 
measures 2.z mm. in length and thus happens to be within the zone of overlap. 
The most useful character for the present purpose appears to be the relative 
trigonid length of the lower carnassial. The length of the trigonid is easily and 
consistently measurable, by taking the distance from the hind edge of the pro-
toconid to the front end of the tooth. If this measure is plotted against total 
crown length, the two species are found to be on different trend lines (fig. 4). 
The trigonid is relatively longer in the Beech l\Iarten. There is considerable 
overlap between the two species, and a single specimen cannot always be 
classified on this criterion. If a statistically respectable sample is available, 
however, identification on this basis is easy. The statistics for the three trend 
axes are given in table 11. Visual comparison between the axes plotted in fig. 4. 
TABLE 11. R elationships between trigMJid length and total crow" ltmgth ofloweY camassial in 
sarnples of Martes. 
Mean Mean A.xis 
N Trigonid Total Slope 
Length Length (a) 
Martes foina, R ecent 21 6. 74 10.05 0.71 
Martes martes, R ecent 18 6 .53 10.2 0.72 
Palestine Caves 33 6.84 10.26 0.70 
makes it clear enough that the fossil sample is 111artes foina, but it may be 
supplemented by analysis of variance. Comparison between the fossils and 
Martes martes gives F = 58 (t = 7.o, D.F. = 47) and a probability of far below 
O.o01, while a similar comparison between the fossil sample and that of M artes 
foina does not prove heterogeneity (F = 6.s, t = 2.57, D.F. =50, P> 0.01) . 
It may be concluded that the fossils, or at any rate the great majority of them, 
are Beech Marten, and that there is no positive evidence of the presence of the 
Pine Marten. 
The fossil material may be divided into two groups: a Main vVi.irm sample 
from Ksar'Akil, Wad D and E, and Kebarah E (fig. 6); and a Postglacial 
group from the higher levels at Shukbah, Kebarah, and ad. All of the latter 
are from the Mesolithic, except the jaw from hukbah A, which is probably of 
later date. 
Unfortunately I have no recent material from Palestine, and data on a 
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FIG. 4. Relationship between trigonid length and total crown length of lower carnassial 
in M'arles . Filled circles, Martes martes, recent, Europe. Open circles, Martes foina, recent, 
Europe. Crosses, Marles foina, fossil and subfossil, Palestine. The lower line is the axis for 
Jl!lartes martes . Upper dashed line, European Jvfartes foina; upper continuous line, Palestine 
cave material. 
T ABLE 12. Dimensiolls of ma11dible and loweY dentition i11 B eech MaY/en (Martes foina). 
R ecent sample from Ce1ttral Europe, fossil samples from Palestine Caves. 
N ~[ S.D. \' 
Length, mandible 
Recent 1 5 53.6 ::!::: 0. 7 2.7 5.0 
Postglacial 13 50. ::!::: 0.6 2.1 4.1 
Main \Vi.irm 6 51. ±0 .9 2.1 4.0 
H eight, coronoid process 
Recent 15 21t.2 ±0.9 1 .9 5.3 
Postglacial 3 22. ±0.7 
Main Wiirm 5 2't.4 ± 0.7 1.5 6 .1 
Depth, ra mus (M1-M2) 
Recent 15 9. 5::!:::0.19 0.79 /.4 
Postglacial 13 9. 77 ::!::: 0.25 0.90 9.9 
Main \Vi.irm 20 10.10 ±0.1 0.79 7.8 
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N M S.D. V 
Depth, ramus (P 3-P,) 
R ecent 15 8.10±0.12 0.45 5.6 
Postglacial 15 8.73 ± 0.19 0.75 8.6 
Main Wiirm 19 8 .83±0.18 0.77 8.8 
Breadth, C; 
R ecent 14 3.49± 0.07 0.26 7.4 
P ost glacial 6 3.65±0.14 0.33 9.1 
Main Wiirm 3 3.63±0.13 
Length, P 2 
R ecen t 15 4 .07±0.06 0.22 5.3 
Postglacial 9 4.19±0 .u 0.33 7.8 
Main Wiirm 6 4.50±0.09 0.22 4.9 
Breadth, P 2 
R ecent 15 2.43± 0 .04 0.16 6.5 
P ost glacial 6 2.43 ±0.03 0.08 3.4 
Main Wiirm 6 2.70 ± 0.04 0.11 lt. 1 
Length, P 3 
R ecent 15 4.95±0.07 0.29 5.8 
Postglacial 11 5.01 ±0.10 0.33 6.7 
Main Wiirm 10 5.14± O.o 0.25 lt.9 
Breadth, P 3 
R ecent 15 2.62±0.04 0.16 6.2 
Postglacial 8 2.69 ±0.06 0.18 6.7 
Main Wiirm !) 2.82 ±0.04 0 .13 4.6 
Length, P, 
R ecent 14 5.85±0.09 0 .34 5. 
Post glacial 14 5.86±0.10 0.36 6.1 
Main Wiirm 1 7 6.14±0.0 0.34 5.6 
Breadth, P, 
Recent 14 3.04±0.04 0.16 5 .1 
Postglacial 14 3.01 ±0.04 0.16 5.3 
Main Wiirm 1 7 3.1 ±0.04 0.1 5.6 
Length, M1 
Recent 15 9.95±0 .1 3 0.52 5.2 
Post glacial 1 3 10.u±0.12 0.44 4.3 
Main Wiirm 21 10.34±0.10 0.44 4.3 
Breadth, M1 
Recent 15 4.11 ±0.06 0.22 5.4 
Postglacial 13 4.07 ±0.06 0.21 5.2 
Main Wiirm 2'1 4.37 ±0.04 0.1 4.0 
Trigonid length, M1 
Recent 13 6.69 ±0.10 0.36 5.4 
Postglacial 13 6.76±0.09 0 .32 4 .7 
Main Wiirm 22 6. 5±0.07 0.32 4.7 
Length, M2 
Recent 14 3.60±0.10 0 .39 10.9 
Postglacial 2 4.15 
Main Wiirm 2 4.05 
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present-day sample from Central E urope have to serve instead. The statistics 
for the three samples are given in table 12. 
The teeth of the fossil form tend to be slightly larger than in the recent 
European; size indices for the dental dimensions are 102.5 % for the Postgla-
cial, 106.e for the ~Iain Wiirm . The jawbone, on the other hand, tends to be 
relatively short in the fossils, though both relatively and absolutely deeper, 
especially in the anterior part. The powerful build of the ramus is presumably 
correlated with the larger size of the teeth . \\ hether the relative shortness of 
the jaw is indicative of smaller body size is uncerta in . The difference might 
also result from differences in the age grouping of the two samples. It may be 
noted that the main part of the fossil specimens haYe unworn teeth and thus 
may be regarded as young individuals. 
The ~Iain Wiirm form tends to be slightly larger than the Postglacial. There 
seems thus to be a trend of continuous dwarfing from the 11ain Wiirm to the 
Recent, analogous to that found in the Wildcat. In the related M artes martes, 
P ostglacial dwarfing has been proved in Denmark {DEGERB0L, 1933; KURTEN, 
1959), and , perhaps suggestiYely, is paralleled by dwarfing in the Wildcat in 
that case also. 
Without more extensive comparison it is hazardous to establish the infra-
specific relationships of the fo il Beech 1Iarten from Palestine. hould it prove 
subspecifically distinct from other forms, the name Jf artes foina palaesyriaca 
( eh ring) is available, provided that the type specimen (from the Antelias 
cave; not seen) does belong to the Beech ~Iarten. 
The Badger, 1eles meles (L) . 
Badger occurs mostly in the upper lenls of the Palestine caves. 
K ebarall. Level B, partial skull, three left and fou r right mandibles. Level D, right 
mandible. See Plate :J, D-E. 
5/wkball. Level A or B, left mandible. 
!I" ad. Levt'l B, right maxilla , fi ve left and two right mandibles, right lower C. Levt'l D , 
right mandible. Level E, three righ t mandibles, right lower C. 
K sar '.'lkll. Two mandi ble fragments. 
The main part of the material (Kebarah B; Shukbah; Wad B) comes out of 
1Ie olithic deposits. The only pecimens found at lower levels a re those from 
Kebaral1 D, Wad D-E. and Ksa r 'Akil. These deposits date from the ~iain 
Wiirm, but the Badger remain are not nece arily of the ame age. The burrow-
ing habits of this animal frequently results in its bones being found in much 
older faunal associations. This, of course, may be true fo r the ~Iesolithic sample 
also. However, there are good reasons to uppose that most of the bones are 
3 
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actually fossil or subfossil , and not derived from the present-day population, 
from which the fossils appear to differ in some respects. 
The material of present-day local Badger is somewhat incomplete, and I 
have found it necessary to use also some specimens from surrounding areas. 
The recent sample (all of the specimens in the Briti h :\Iuseum) is from Asia 
Minor (4), Syria, Mount Carmel, Jerusalem, Smyrna, and Teheran (one each). 
A comparison with a European population of approximately the same age 
as the fossil group is of some interest , and I have used the fossils from H appaway 
Cave and eale's Cave (in the British Museum). The age of these specimen 1s 
late Pleistocene or early Postglacial. The data for the various samples are et 
forth in table 13. 
TABU: 13. Dimens·ions of lower teeth and uwnatble in Badger (:\leles meles). R ecent sample 
from Asia Jlllinor , Syria, and Palestit1e; lllesolilhic sample combined from K ebarah !et·el E, 
Slmkbali level A or B, Wad level B; lViirm sample combined from K ebarah level D , IJ"ad 
levels D-E, and K sar 'rlkil; British sttbfossil sample combined from Happaway Cat·e a11d 
N eale's Cave. 
N :\I S.D. \ ' 
Breadth, Ci 
Recent 6 5.57± 0.23 0.55 \1.9 
Mesolithic 5 5.64±0.25 0 .55 !J. 
Wiirm 3 5.74±0.04 
British 11 6.25± 0.11 0.36 :; . 
Length, P 2 
Recent 7 4.37± 0.11 0.30 6.9 
::\Iesoli thic 3 lt. 37 ± 0.2:! 
Wii rru 2 4.55 
British 6 5.27±0.07 0. 16 :u 
Length, P3 
Recent 5.49:!:0.09 11.23 'a.:J 
::\Iesolithic 6 5.5 :::t:O.os 0.20 :u 
Wiirm 4 5. -±0.25 
Brit ish 1 3 5.6 :::::0.06 0.22 3.9 
Length, P. 
Recent 6.23±0.14 0.36 5. 
l\Iesolithic 11 6 .24 ±0.10 0.34 5.5 
Wiirm 4 6 .52 ±0.32 
British 1 'o / .01 ±0.09 0.35 :>.o 
Breadth, P4 
Recent 3. ±0.07 0.1 ' .. 
::\Iesolithic 11 3. 2±0 . ~7 0.24 6.4 
\Viirm 4 4.02±0.16 
British 1 5 4.!7 ±0.05 0.19 ~ -6 
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""' 
)[ S.D. \ ' 
Length, )[1 
R ecent 8 16.28 ::r:: 0.23 0.65 4 .o 
;\fesolithic 1 ~ 1 i.04 ± 0.24 0.8;; 5.0 
\\"iirm 1; .2 ± 0.3 
British 19 1 ;.17 = 0.28 1.:!2 /.1 
Breadth, )11 
Recent 8 ; .41 = 0.22 0.61 8.3 
)fesoli thic 1 ~ ; .96 ± 0.16 0 .52 6.6 
\\-"iirm 6 i.55 ±0.19 11.47 6.3 
British ~0 8. 18 ± 0 .08 il.36 I, .4 
Trigonid length, )[ 1 
Recent 8 8. 1± 0.21 0.61 6.9 
l\Iesolithic 12 9.02 ± 0.12 0.43 4.7 
\Vii rm 8.05 ± 0.10 
British 18 9.74 ± 0 .11 0.47 4.8 
Length, mandible 
Recent 8 8 :J .o ± 2.3 6.4 ';. 7 
Mesolithic ; 8.3 ± 1. 5 -'t.O 5.1 
Wiirm 2 79.5 
British 13 92.8 ± 1.0 3.6 3 .0 
Depth, ramus (P4-)f1} 
Recent 9 13 .3 ±0.5 1.4 10.7 
Mesolithic 14. 13.20 ± 0.25 0.94 'i .l 
Wiirm 4 13 .6 ± 0.5 
British 18 16.31 ± 0. 16 0.69 4.3 
Length, C-)12 
Recent 8 48.4 = 1.0 2.7 5.7 
l\Iesolitbic 10 46. :i: 0.6 1.9 4.0 
Wiirm 2 4 .5 
British 10 52.6 = 0.5 1. 5 2.8 
In general, the fossils do not differ from the recent ear East sample in 
mean dimensions, and both groups tend to ha\·e smaller average ize than the 
European Badger. There is a suggestion that the mandible may have been 
somewhat shorter in the fossil form. This is apparently not due to differences 
in age composition in the two samples, for most of the fossils have worn teeth 
and are definitely fully grown. It may be remembered that an increase in body 
size in Postglacial times has been demonstrated in Dani h Badger (DEGERBOL, 
1933; KuRTE::-.r , 1959). However, the differences are not statistically significant 
in the present case; and furthermore the recent sample is too heterogeneous 
to give a really reliable picture of the present-day local population. 
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The differences in M1 seem to be of greater interest. Most other teeth have 
the same mean dimensions in the fossil and the recent jaws, but M, tends to 
be markedly longer in the fossils (fig. 5). In the combined fossil sample (N = 16) 
the mean length of M1 is 17 .u ± O.zo mm. , and the excess over the recent 
mean is probably significant (t = 2. 1, D.F. = 22). The breadth of the carnassial 
also tends to be somewhat greater in the fossils, but this difference is not 
significant. 
Most of the length difference apparently comes on the talonid or hind part 
of the tooth , for the length of the trigonid differs very little in the fossil and 
recent samples. Such relative differences in talonid length have been described 
M1 TRIGONID LENGTH 
MELES MELES 0 
0 0 0 
0 
10 0 0 
• 
9 
15 16 17 18 
M1 LENGTH 
FIG. 5. Relationship between trigonid length (measured internally, from anterior end of 
tooth to notch behind metaconid) and total crown length of ~I 1 in J!eles metes. Open 
circles, recent and late Ple istocene m ateria l, Europe. Crosses, recent, Xear East. Filled 
circles, Mesolithic, Palestine caves. Triangles, \Viirm, Palestine ca\·es. The two axes 
represent the European m at erial (upper axis) and the ~Iesolithic cave material. 
TABLE 14. R elationships between trigonid length and Iota/ croum lmgth of /own- carnassial 
in samples of ~Ieles meles. 
~Iean ~lean Axis 
N Trigonid Total , lope 
Length Length (a) 
European 56 9.55 16. 7 0.69 
Near East, R ecent 8 . I 16.2 0. 
Palestine Caves 16 9.01 I /. 10 0.47 
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from Denmark (DEGERB0L, 1933) , where it seems that a single mutation may 
well have been the cause. The form with relatively enlarged talonid superseded 
the earlier form within a time span probably not exceeding one thousand years 
(KURTEN, 1954). 
The relationships between trigonid length and t otal crown length of l\1:1 
for a number of specimens are set forth in fig. 5. The European sample includes 
British fossils and a number of recent British and Central European specimens, 
all of which cluster around the same axis (see data in table 14) . The fossil 
specimens from Palestine are on a different axis. The trigonid is relatively 
shorter in these forms , and it follows that the talonid , or crushing posterior 
part of the tooth , is relatively larger. In the usual paleontological terminology 
this is a )>progressive)> character, for the evolution of the Ielinae has been 
characterised by an increase of the tubercular, crushing parts of the dentition, 
at the cost of the shearing part. Actually, local populations may differ from 
each other in this respect , even though perfectly contemporaneous, and it 
may be that the enlargement of the talonid is only adaptive under certain 
circumstances. 
The recent Badgers from the Near East do not agree well with either t ype. 
The difference from the European form is highly significant (t = 4. 1), that 
between the recent form and the fossils from Palestine , on the other band, is of 
doubtful statistical significance (t = 2. 30, D .F . = 20). It seems most probable, 
however, that the present-day population is on a different axis. There appears 
thus to have been a slight relative shortening of the talonid length in ~1: 1 in 
post-l\Iesolithic times. 
The evolutionary changes in the Badger haYe not been as spectacular as 
those in some of the other species. There has been little or no evolution in 
body size. The late Pleistocene Badger in Palestine seems to have differed 
from its European ally by slightly smaller size, and this situation persists 
to-day . 
The Wolf, Canis lupus L. 
The Wolf is represented by a number of specimens, some of which were 
ascribed by BATE (1937) to Domestic Dog (see CLUTTO"-'-BROCK, 1961). The 
following material appears to represent Canis lupus (see Plate 4). 
I<ebarah. Level B, anterior part of skull with dentition. Level C, right mandible with 
P 4- :\f2 ; right upper canine . Level E . right m andible with ::\[ 1-~~ . 
Shukbah. Level B, B. ::'IL No. l\{ 16252, mandibular r ami of one individual. C"nnumbered, 
right maxilla with P3- p4; right ::\fl ; left lower C. 
Wad. Level B, B .::\f. No. 1625 1, damaged skull with the snout, palate, and part of the 
braincase (Bate, 193/, fi g. 4 a , b) . Unnumbered , left maxillary fragment with p4 ; right 
upper C; left lower C. Le\·e) C, left mandible fragment with ::\~ ; right P4 and llfl. 
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TABLE 15 . T ooth dimensions in the W olf /Canis lupus) from P(l/esti11e. 
N O.R. :\[ .D . \" 
L ength, C5 
R ecent 5 9.8- 10.5 I 0.24 :::!:: 0. 16 11.36 3 -.~ 
Postglacial 3 ll.o- 11.8 I 1.27 :::!:: 0.27 
vViirm 2 '13.0-1 3.9 13 .45 
Length, P 2 
Recent 5 11.3-1 3. 1 12.20:::!::0 .30 U.6 f.6 
Postg lacia l 2 UA-12 .9 12 .65 
Length, P 3 
R ecent 5 12 .5- 13. 7 13.10±0.24 0.53 't.l 
Postglacial 3 13.7-14 .5 14.13:r:0 .23 
\Viinu 15.5 
Length, P4 
Recent 5 19.9-2 1. 3 20.70 :::!::0.24 0.53 2.6 
Postglacia l 4. 20.3-22.5 2 1. 3 =0 .5 
\Viirm 3 24.3-25.1 2 \ .63:r:0.24 
Breadth, p4 
Recent 3 10 .9-11.7 11. 20 0.2~ 
Pos tglacial t, ll.o- 12.7 12.1 =0.4 
Wiirm t, 12.8- l 'o. 3 13.62=0.35 
Breadth, J\11 
Recent 5 18.2- 19.0 18.4 :::!::0. 1~ 11.34 I. 
Postglacial 3 I ;.4-18.7 18 .1 =0 .4 
Wiirm 3 22.1-23.5 22.7 ±0.4 
Length, l\11 
Recent 5 12.9-l'o.O l 3.46 :r: 0.17 !1.39 2.9 
Postglacia l 3 13.5- l 'o. 7 "' .0 :::!::0 .4 
Wiirm t, '15.5- 16.7 16.02:::!:: 0.27 
Breadth, l\12 
Recent 5 11.4-12.3 11.90= 0.1:. !1.33 2. 
Postg lacia l 2 10 .1-11.5 I 0. 
vViirm 13 .8 
Length, Ci 
R ecent 4 9 . -10.4 IO.oa±0.13 
Postglac ia l ~ 10.2- 11. 3 I 0.73x 0.32 ... 
\Viirm 12.0 
Length , P2 
R ecent 5 9.9- 10.9 I O.ao:r:0.1 0.39 :1.7 
Wiirm 12 l 
Length, P3 
R ecent 5 10.9- 11. 9 11.4 =0.1 0.40 3.5 
Postglacia l I 11. 9 
Wiirm 2 12.9- l 'o.4 I :l.65 
ACTA ZOOLOGICA FE::\KICA 107 39 
N O.R. :\I S.D. \' 
Length, P4 
Recent 5 12.7- 13.8 13.18 ± 0.23 0.51 a.o 
Postglacial 2 12.8- 13.0 12.9 
\\' iirm 3 15.2-1 5.7 •15.47 ± 0.15 
Breadth, P4 
Recent 5 6.3- 7.2 6.62 ± 0.16 0.36 5.4 
Postglacia l 2 6.2- 6.7 6.45 
Wiirm 3 8.2- 9.0 8.63 = 0.23 
Leng-th, )f1 
R ecent 5 21.7-24.2 23.1 ± 0.5 1.1 4 .6 
Postglacia l 2 23.8-24.3 2 11.05 
\\'iirm 6 25.1-31.6 28.2 ± 1.0 2.5 8.9 
Breadth, M1 
Recent 5 8.6- 8.9 8.74± 0.05 0 .11 1.3 
Postglacia l 2 8.9- 9.5 9.2 
\Viirm 6 10.0-12.6 11.4 ± 0.4 1.1 9.4 
Lengt!J, ::II2 
Recent 5 9.5-I O.o 9.76 ::!::: 0. 11 0.25 2.6 
Postglacia l 2 8.5-11.1 9 . 
\\'iirm 4 11.3-12.6 11.9 ::!::: 0.4 
Breadth, M2 
Recent 5 5.9- ; .3 6 . ::!::: 0.25 0.57 8.3 
Postglacial 2 6 .8- 8.2 / .5 
\\·ii rm 9.0- 9.9 9.32 ± 0 .20 
],·saY 'Akli. Two right and two left ma:\:illae; four righ t and two left mandibles with 
one or two teeth each; isolated right lower and upper C, left )Ii' left )fl. 
Tabttll. Level B, right )f1• 
The Wolf is absent in Eemian strata, but the subsequent record is contin-
uous up to the Recent. The Pleistocene and Postglacial specimens differ 
markedly in size and have been treated separately in table 15, which gives 
the statistics on tooth dimensions. Only a small sample of present-day Canis 
lupus arabs Pocock was available in the British ~Iuseum ( atural History). 
REED (1961) remarks on the possibility that ,>some of the specimens labelled 
·woh·es in museum collections are either pariah dogs or dog-wolf hybrids,> and 
points out that some skulls from ::\Iesopotamia in the Chicago atural History 
~Iuseum fall into this category. As regards the British ~Iuseum collection, the 
extremely low variation in dental measurements is notable (V-values, table 15), 
a nd the sample is not likely to be heterogeneous. 
EYidently this is another case of Postglacial dwarfing. In the present case 
ize indices were computed separately for each measurement and averaged 
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TABLE 16. A verage size indices for fossil ll"olf (Canis lupus) 
remains from Palestine caves . 
Age M O.R. 
Postglacial 101.7 % 85- 11 9 % 
Late Main Wiirm (Wad C) 121.0 11 6-1 3 1 
Main Wiirm 123. 2 109-1 44 
Interstadial 124.9 111-1 3/ 
Early Wiirm 12 /.5 11 6-1 42 
N 
42 
5 
20 
15 
6 
for the Early Wiirm, Interstadial, Main Wi.irm, latest :.rain Wiirm (Atlitian 
level Wad C), and Postglacial; the results are set forth in table 16. There is 
apparently a very slow decrease in size during the Wiirm; the trend is so con-
sistent that it probably is real, though it cannot be proved significant. At 
the end of the Pleistocene, however, there was a drastic and remarkable reduc-
tion in size, which can hardly have taken more than three or four thousand 
years. The reduction was practically completed by :.resolithic times, for the 
specimens from the Kebaran and Natufian levels are about as small as the 
living Wolf in the area (plate 4). 
On this score it appears that the small size of the\\ olf in the ear East may 
be a result of relatively recent evolutionary change. Of course the change may 
be interpreted as resulting from migration or gene flow from the east, \Yhc:re 
the Indian Canis lupus pallipes Sykes is of about the same size. 
In Europe no size change of this magnitude has occurred in late Pleistocene 
and Postglacial time, and the present-day \\ olf is of approximately the same 
size as the fossil form in Palestine and the Wolf that lived in Europe in late 
Pleistocene times. A tabulation of the lengths of l\11 , for instance, shows that 
changes have been very slight and gradual ever since the aale (or Penultimate) 
Glaciation (table 17). The data are based on a recent Finnish sample, various 
Wiirm and Eem specimens from Britain with good stratigraphic control , and 
a sample of Saale age from Tomewton Cave (Glutton tratum; see UTCLIFFE 
& ZEUNER, 1962). 
TABLE 1 7. 111ean lengths of lower carnassial iufossil 
and rece·ut ll"olf (Canis lupus). 
K ~I 
Finland, recent 2 1 2 
Ksar 'Akil & Tabun 5 2 
British: Wiirm Glaciation ? -_, 29 .6=0.3 
Eem Interglacial 1'5 29.3 ± 0.5 
SaaJe Glaciation 10 2 .2:r 0.7 
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The Wolf Jackal , Canis lupaster Hemprich & Ehrenberg 
The taxonomy of the Jackals in the Near East is still a matter of dispute. 
On the basis of skeletal material, howe\·er, it can be stated that the Wolf 
Jackal is specifically distinct from the much smaller Golden Jackal. The ranges 
TABLE 1 l!. Dimensions of Jackal teeth. 
Length, Ci 
Canis aureus 
Canis lupasler: Recent 
Fossil 
Length, P2 
Canis aureus 
Canis lupasler: Recent 
Fossil 
Length, P3 
Canis aureus 
Canis lupasler: Recent 
Fossil 
Length. P 4 
Canis auretts 
Cauis lupaster: Recent 
Fossil 
Breadth, P4 
Canis aureus 
Cau is lupasler: Recent 
Fossil 
Length, M1 
Canis aureus 
Canis lupasler: Recent 
Fossil 
Breadth , ){1 
Canis aurerts 
Canis lupasler: Recent 
Fossil 
Trigonid length, hl1 
Ca11is aureus 
Canis lupaster: R ecent 
Fossil 
Length. l\f2 
Canis aureus 
Ca11is lupaster: Recent 
Fossil 
N 
12 
11 
6 
3 
12 
t, 
12 
5 
12 
5 
11 
6 
11 
6 
1 1 
5 
12 
3 
O.R. 
6.0- 8.0 
i.!- 9 .6 
6.3- 8.0 
i.6- 9.1 
8.5- 9 .2 
i.5- 9.0 
8.9- 10. 
9.4- 10. 
8.9-10.7 
l 0.9-12.5 
10.6-12.7 
4.1- 5.2 
4.9- 5. 
5.0- 6.2 
16.1- 18.9 
19.5-22.5 
20.4-23.7 
6.5- i.4 
i.5- 8.6 
8.0- 9.1 
10.4-12 .5 
12 .5- 14 .2 
13.4-15. 
6.9- .6 
9.o-10.o 
9.0-10.6 
){ 
i.06±0 .! 5 
8.3 ± 0.32 
9.6 
i.3! ±0.!5 
8.45± 0.22 
8.90::::0.24 
8.32± 0 .14 
9.75±0.25 
9.97±0.31 
9. 2±0.1 
11.64 ±0.24 
11. 34 0.34 
4 .67 0.10 
5.41 ± 0.13 
5.70±0.22 
1 i.77±0.28 
20. 6±0.37 
2 1.75::::0.61 
6.79::!:0.09 
8.12:::!:0.15 
8.37±0.19 
1t.ss±0.22 
13.29::!:0.24 
14.40 :::!:0.4 
i.9 :I: 0.15 
9.70±0.14 
10.o ::!:0. 5 
S.D. 
0.50 
0 .85 
0.51 
0.54 
0.50 
0 .66 
0.63 
0.63 
0. 77 
0.35 
0.34 
0.48 
0.93 
0.99 
1.37 
0.30 
0 .39 
0 .47 
0.72 
0 .64 
1.08 
V 
l 0. 1 
i .0 
6.4 
6.0 
6.8 
0.4 
5.4 
6.8 
? .4 
6.2 
8.5 
5 .2 
4. 7 
6.3 
4.8 
5.0 
6.3 
4.8 
'i .5 
6.6 
3.7 
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of the two animals overlap in North Africa, and skull material from this area 
shows both of the characteristic size groups to be present. In yria and Pales-
tine only the small species, Canis aureus L. , is documented in collections seen 
by me, though ELLERMAN & 1\IORRISOK-SCOTT (1951) mention the Wolf Jackal 
from here, on the authority of BonE ;}{EIMER; they however treated the Wolf 
Jackal as a subspecies of Canis aureus. BATE (1937) identified the fossil form 
with Canis lupaster. Canis a~trezts has only been identified in the uppermost 
stratum (level I ) of Ksar 'Akil (HOOIJER, 1961) and the specimen is only a 
fragment of l\11 . The other fossil remains are much larger than those of the 
Golden Jackal , and the only recent specimens matching them in size are the 
North African Canis lupaster. The material is as follows. 
Shukbah. Level A, right mandible. Lenl D, ::\Il. 
Zuttiueh. B.M. No. M. 13863, right mandible and right and left maxillae; unnumbered , 
left m andible . 
Tabttn. Level D, right and left maxillae (Bate , 193/, fig . 4 d ), right mandible (ibid., 
fig. t, c); B.M. No. 1\I 16096, left mandible and left M1x . Level D o r E, B.::\L No. M 16249, 
right maxilla. Level Ea, fragment of l\F. 
The dimensions of the fossils are recorded in table 1 , together with com-
parative data on Canis a1ereus and Canis lupaster. The material of Golden 
Jackal is from Dalmatia, Palestine, and the region eastward approximately 
to Gujerat; that of Wolf Jackal is from Egypt, Tunisia, and Algiers (collections 
in the British l\Iuseum, the Zoologicall\Iuseum of the ni,·ersity of Cambridge, 
and the Riksmuseum, Stockholm). All of the fossil animals are of large size, 
including the fairly recent specimen from level A at hukbah. The other speci-
mens antedate the Main Wiirm, so there is a possibility that the J ackal may 
have been absent during that period of time, to return in the Postglacial. In 
spite of the great hiatus, the PostglaciaJ specimen evidently belong to the 
same population as the earlier ones, and is too large to be Canis aureus. 
The means for the fossil form accord closely with tho e in recent Canis 
lt~paster; some dimensions tend to be slightly larger but not significantly so. 
Apparently there has been little evolutionary change in this species since t he 
Eemian or Early Wiirm. 
The Red Fox, Vulpes vulpe (L) . 
Fox occurs in greater number than any other carni,·ore in the Palestine 
cayes. 
Slwkball. Level A, fh·e left and one right mandibles, left ~- Le,-el B, righ t and left 
maxillae, three left and four righ t mandibles. 
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J,· ebarah. LeYel B, seventeen left and seYeenteen right mandibles. Le\·el C, one left and 
four right mandibles. Level E, two right mandibles. 
lf'ad. Level B, two right ma-'<illae, left J>4 , two left and two right :'lfl, fh·e left and four 
right mandibles, right lower C, left P3 and P 4 , three left and two right :'lf1 , right )f2 . Level 
C, three left and two right mandibles. LeYel D, two left and four right upper C, one left 
and two right J>4 , left and right :'lfl, three left and two right mandibles, one left and two 
right lower C, two left and four right !II1, right :'II2 . Le\·el E , three left and four right mandi-
bles, left :'II1 . Level G, left maxilla, two left and one right mandibles. 
Sk/wl. Right mandible. 
] {sar 'A kit. Two left and two right maxillae, left and right upper C, two right P4 , 
one right M 1, eleven left and eleYen right mandibles, two right lower C, six left and one 
right )f1 . 
Tabtm. Level B, one left and three right upper C, left P 1, two left and three right mandi-
bles, two left and two right lower C, one left and two right :\[ 1. Level Ea, B.:'IL Xo. M 1609 7, 
right mandible. Level Eb, left l\I1 ; B.l\f. Xo. :'If 1583;, left an d right mandible. 
The recent population in the ear East is represented by nine specimens in 
the collections of the British l\Iuseum, from the follo>ving localities: Mount 
Lebanon (2), Jerusalem (2), Syria (2), ~fount Carmel, Haifa, and Tel Aviv 
(one each). This is a fairly homogeneous sample of the subspecies Vulpes vulpes 
palaestina Thomas. 
A large Postglacial sample may be combined from Kebarah levels B-C, 
\\'ad lenls B-C (including the transitional Atlitian layers), and Shukbah level 
B. A number of specimens were found at level A of Shukbah, which is later 
than the l\Iesolithic. These specimens differ from the ~Iesolithic ones and haYe 
been treated separately. 
The Pleistocene material is somewhat less plentiful, but the ~Iain Wiirm 
population is well represented by material from \Vad levels D-E, Kebarah 
!en! E, and the majority of the specimens from Ks:'n 'Akil. The Interstadial 
Fox is represented by a few specimens from Ksa r 'Akil (two left and t wo right 
mandibles, and one ~I 1 ), the khiil jaw, and the material from Wad level G. 
The sample from Tabun JeyeJ B, plus a single Ci from Ksar' Akil, may be dated 
as Early Wiirm; wh ile the Eemian population is represented by the specimens 
from Tabun level E. 
The unusually large material suggests that a detailed study would be worth 
while, and a considerable number of characters were analysed. Statistical data 
for the most important measurements are given in table 19. Size indices, with 
the recent population as a standard, are set forth in table 20, together with 
measurements of the Generalized Distance of the ,·arious fossil populations 
from the recent (in the computation of the latter, only the characters repre-
sented in all of the seven samples were used). 
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TABLE ·t 9. Dimensions of mandibles and lower de11titions UJ seven temporal samples of 
Red Fox (\"ulpes vulpes) from Palestine. 
N O.R. ) ! S.D. \ ' 
Length, m and ible 
R ecent 9 90- 10 1 95.4 ± 1.3 3.9 4.1 
Shukbah A I 9 1 
P ostglacial 13 9 1- 105 99.6 :t: 1.2 4.5 4.5 
Ma in Wiirm 5 89- 104 9/ .2 :::!::: 2.4 5 .4 5.6 
Depth , r amus ()11- M2) 
R ecent 9 10.3-14.0 12.11 =0.33 1.00 8 .3 
Sbukbah A 5 11.6- 12.3 12.oo::::O.I6 0.35 3.0 
Postglac ia l 4fi 11.7- 15.9 13.t9=0.!6 1.05 /.8 
Main Wi.irm 23 11.7 - 15.5 13.76=0.!9 0.90 6.6 
Interst adial 6 13.0- 16.3 14 .4 ±0.5 I. ! 7.9 
Early Wi.irm 3 12.5- 13.6 13.10:::!:::0.32 
Eem 2 12.6-14 .4 13.5 
Dep t h , r amus (P 2-P3) 
R ecent 9 8.5-13.0 10 .44 ± 0.41 1. 24 11 .9 
Shukbab 3 10.3- 10.7 10.43±0.17 
Post glacial 5 1 10.1- 14.1 11. 70 =0. !2 0. 6 /.3 
)la in \ Viirm 19 9.9- 13.3 11.6-1 =0. 21 0.90 
'· 
Interst adial 3 11.0- 12.0 1 1.47 :::!:::0 .29 
Early Wi.irm 1 I. 7 
Eem 2 11.o- tt. I 1.4 
Length, M1- ?II3 
R ecent 9 20 .5-25.6 23.2 :::!:::0.5 '1.6 6.9 
Shukbah A 5 2 3. 7-25.6 24.30 ± 0.34 0.76 3. 1 
Post glacia l 4 2 23.2- 28.9 25.38 ± 0.!9 1.20 4.7 
Main Wi.irm 14 22.7-27.4 25.41 :::!::: 0.3! 1.!7 4.6 
Interst adial 5 23.7-28.1 25.6 ::::o. 1.7 6.6 
Early W i.irm 24.4 
Eem 2 23. 7-24.2 23.95 
Length, P 2- P 4 
R ecent 9 23 .2-26.5 24 .94 ± 0.34 1.02 4.1 
Shukbah A 3 25.0-26.6 25.5 =0.5 
Postglacial 1, 2 24.0-29. 21 .&1 =0.21 1.34 4.9 
Main Wi.irm 12 24.0-3 1.4 2/.3 ±0.6 2.0 /.5 
Inters t adial 3 24.3-26.5 25.7 :::!:::0. 7 
Early Wiirm 2 25.6-26.9 26.25 
Eem 2 25.6-25.6 25.6 
Length, C; 
R ecent 9 4.7- 6.1 5.47 ±0.14 O.t2 .. 
Shukbah A 1 5.4 
Post glacia l 5 5.3- 6. 6.22 :t: 0.27 0.&1 9. 
Main Wi.irm 8 4.4- 6. 6.HI±0.~ 0.7 12.7 
lnte rs t adial I 6.2 
Early W i.irm 5 5. - 6.7 6.30:r: 0.!9 0.42 6.6 
Eem 2 5.5- 6.1 5. 
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N O.R. ~[ S. D . \' 
Length, P 2 
R ecent2 9 6.6- -; .6 6. 9±0.11 0.34 4.9 
Shukbah A 2 1.2- /.3 'i .25 
Postglacial 26 ?.0- 9.5 8.18±0. 11 0. 57 6.9 
ll[a in Wiirm 9 6.8- 8.5 ;.64 ±0 .19 0.58 'i .5 
Interstadial 3 i.5 - ; .Q ?.77 =0. 14 
Eem 2 1.1- 8.0 1.85 
Length, P3 
R ecent 9 /.3- 8.0 i .64±0.o8 0 .25 3. 2 
Shukbah A 2 ?.7- /. 9 ?.8 
Postglac ial 23 /.7 - 9.8 8.51=0. 13 0.61 7. 2 
)[ain Wiirm 12 8.0-10.0 8.77±0.17 0.59 6.7 
Interstad ia l 8.1 
Eem 2 8.5- 8.7 8.6 
Length, P4 
R ecent 9 7.6- 8.8 8.22±0.19 0.5 'i.l 
Shukbah A 3 8.5- 8.9 8.70:r:0.12 
Postglacia l 36 8.2-10.3 9.31±0.10 0.57 6.1 
)fa in Wiirm 13 8 .3-10.6 9.04±0. 17 0.61 6.8 
Interst ad ia l 5 8.6-10 .4 9.22=0.34 0. 77 8. 4 
Early Wiirm 2 8.3- I O.o 9.15 
Eem 2 8. - 9.1 8.95 
Breadth, P4 
R ecent 9 3.2- 4.2 3 .60± 0. 11 0.32 8.9 
Shukbah A 3 3.6 - 4 .2 3. 0±0.20 
Post glacia l 34 3.4- 4. 7 4.04±0.06 0.33 8.1 
Main \Viirm 12 3.5 - 4.5 3. 1±0.09 0.30 8.0 
Interstadial 4 3.4- 4. 7 3.95=0.27 
Early \\'iirru 2 3.2- 4. 1 3.65 
Eem 2 3.9- 3.9 3.9 
Length, )[1 
R ecent 9 1 2.2-tlo.S 1 3 .76±0.30 0.91 6.6 
hukbah A 6 14.0-15.0 14.37 ±0. 15 0.37 2.6 
Postglacia l 55 1 3.6-17. 1 15.24±0.u 0.81 5.3 
)fa in Wiirm 3'• 13.6-17.0 15.21±0. 16 0.91 6.0 
Interst adia l 7 14 .5- 17.1 15.30±0.33 0.86 5. 7 
Early Wiirm 8 11t.4 - 16.2 15.0 ±0.23 0.65 4.3 
Eem 3 14.0-1 5.0 14 .43±0.30 
Breadth, i\f1 
R ecent 9 4.9- 6.2 5.51±0.12 0.3& 6.6 
hukbah A 4 5.5- 6. 1 5.7 ±0.13 
Postglacia l 5 1 5.1- 6.6 6.03 :r: 0.05 0.37 6.1 
)fain \Vii rm 3 1 5.3- 7.0 5.95±0.07 0.39 6.6 
Interst adia l 6 5.7- 6.0 6.13±0.10 0 .46 ? .6 
Early \\ iirm 8 5.5- 6.6 5.90± 0.11 0.32 5.4 
Eem 3 5.5- 5.9 5.73:r:0.12 
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N O.R. :\I S.D. \ " 
Length, :\It 
R ecent 9 5.5- ; .0 6 .51 :±.: 0.23 0.68 111.4 
Shukbah A 3 6.8- ; .5 ; . 10 0.21 
Postglacia l 33 6 .3- ; .9 / .19 ::!::0.07 0. 41 .3. ; 
:\la in \\'iirm 15 5 .8- 8.4 /.19 ± 0 .16 0.61 ti . .) 
I nterstadial 4 6 .4- i.9 / .05 ::!::0 .31 
Early Wiirm a 6.6- 6.9 6.77 ::!:: 0.09 
Eem 6 .4 
Breadth, l\I~ 
R ecent 9 1,.8- 6.0 5.29 ±0 .14 0.41 ; . 7 
Shukbah A 3 5.5- 5.9 5 .67 ± 0 .1 2 
Postglacial 3 4 1,.9- 6.3 5.5 ±0 .06 0.32 :::). 
Main \ Viirm J 4 ~-5- 6. 2 5.49 ± 0 .13 0.50 !1 .2 
Interstadial t, 5.2- 6 .1 5.52 ± 0.20 
Early Wiirm 3 5.2- 5. 7 5.43 ±0. 15 
E em 5.4 
Length, 11-13 
R ecent 9 3.0- 3.9 3.42 ± 0.12 0.36 Ill . .; 
Postglacia l 2.9- 3.6 3.39± O.u 0.2 8.3 
l\Iain Wiirm 3 9- 4.0 3.6 
Interstadia l 2 3.4- 3.9 3.65 
Early Wiirm 3 .5 
Eem 3.2 
During the earliest part of the last glaciation there seems to have been a 
tendency to size increase, from 106.6 % in the Eemian to HO. o 0 ·~ in the Inter-
stadia!. After that the size was nearly stable up to early Postglacial (l\Iesolithic) 
times. In post-.i\Iesolithic times there was a radical change, a reduction in size 
much like that in the Wolf and Wildcat. That this was a real transition by 
evolution in situ and did not result from local extinction and subsequent immi-
gration of a smaller form, is shown by the fo ils from level A at hukbah. 
This population is intermediate between the ~Ie olithic and the pre ent-day 
Fox in many characters, and its size is, on an average, 3.1 ° 0 larger than in the 
living form . Unfortunately the exact age of layer A at huk:bah is not clear; 
apparently it is considerably later than the underlying }le olithic stratum. 
The standard deviation of the size index is relatively low for all the fossil 
samples, indicating that relative proportions did not deviate greatly from those 
on the living population. The Generalized Distance tells the same story a the 
size index. The Shukbah A Fox is relath·ely clo e to the living; the early Post-
glacial form is much more distant . Going further back in time the forms again 
become more and more like the present-day Fox, until finally the Eemian type 
is nearly as close to it as the Shukbah .A form. In view of the figure it i 
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TADL E: 20. Size in dices arrd genera/i::ed dis tan ces for fossil sa111 ples of R ed Fox 
(\"ulpes vulpes), co111pared with present-day population in Palest ine. 
Size index Genera lized 
O.R. ).[ S.D. Dista nce 
Shukbah A 95-109% 103 .1 % 3.8% 1 .69 111111. 
Postglacial 104-119 111.1 3.5 4.51 
~rain \\-iirm 102 -11 5 109.7 3. 7 4.31 
In terstacli a l 103-11 9 11 o.o 4 .2 4. 17 
Ea rly \Yiirm 101-11 5 1 o; .• 4.1 3 .04 
Eem 98-11 3 106.6 4. 7 2.26 
hardly possible to follow BATE, who implicitly refers all the Eemian material 
to her 1> Vulpes1> vinetorum, the only Fox species listed in her fauna! list for 
Tabun level E (BATE, 1937, p. 145). 
Some other characters were checked and found to be stable. The posterior 
secondary cusp in P 2-P4 was examined in all the samples except that from 
Ksar 'Akil. It was always absent in P 2 and always present in P 4 , but varied in 
P3 . Of eight recent specimens in which this character could be observed, three 
(or 37 1/ 2 %) carried the cusp. In the fossils it was present in 13 cases out of 
28, or 46 1/ 2 %· These numbers do not differ significantly from each other. In 
a recent sample from Germany, the corresponding number is 30 out of 48, 
or 62 1/ 2 %· The association tests do not prove this difference significant on the 
present data {chi-square = 2 .68, D.F. = 1; the fossil and recent Near East 
specimens were combined into one sample), but it is quite possible that the 
frequency is really higher in Europe. In the European P2 a posterior cusp may 
occur (6 specimens out of 47 , or 12 1/ 2 o,0 ); as noted , this was never seen in a 
mandible from Palestine. Apparently there is a somewhat greater tendency to 
formation of premolar cusps in the European Red Fox. 
The camassials of the Palestine Fox always carry a small internal cusp at 
the junction of the trigonid and the talonid. This character persists in the pre-
sent-day population. In Europe it is highly Yariable; some populations lack 
the cusp entirely, others show it in some specimens or in all (DEGERBOL, 1933). 
Table 21 shows a comparison between carnassial lengths in the Palestine 
Red Fox and some European populations. The largest specimens are found in 
the Jorth, as exemplified by a Finnish sample p ruseum of Zoology, Helsinki/ 
Helsingfors). The German specimens (Zoological Institute of the University of 
Hamburg; Institut fi.ir Haustierkunde, niYer ity of Kiel; and the enckenberg 
~Iuseum, Frankfurt) are somewhat smaller. The English (in the British Iuseum 
and the Zoological Iuseum of the niversity of Cambridge) are still smaller 
and of about the same size as the fossil Palestine form. 
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TABI,E 2·1. L ength of M 1 in samples of R ed F ox. The fos sil sample from Palestine includes 
all the Mesolithic and older specimens in table 19. The ll" iirm sample is combined from several 
caves in England, the Saale sample is f'rom the Glutto11 Stratum of Tornewt1m Cave. 
N O .R. ~I S .D . V 
R ecent, Finland 32 14.4- 1/. 7 16 .13±0.14 0 .81 5.0 
Recent, German y 48 1 3.4-1/ .2 1 5 .42± 0.11 0.80 5.2 
Recent, E ngland 24 1 4.0-1 :i.O 1 5.25 ±0.16 0 . 0 5 .3 
R ecent, Near East 9 12.2- 14 .8 13.76±0 .30 0.91 6.6 
Wiirm, England 30 14.4- 1/. 1 15. 2±0.13 0 .70 4.4 
Saale, Eng land 58 14 .1-1 /. 1 15.49 ± 0.09 0.68 4 .4 
Fossil, Palestine 106 1 3.6- 1/.1 15.20 ±0.08 0 .82 5.4 
Specimens from the Wiirm Glaciation in England are almost as large as the 
Finnish, whereas those from the Saale (Tornewton Cave) are somewhat smaller. 
However, there have been no drastic size changes in the European population, 
compared with those in Palestine. 
Bate's Raccoon-Dog, yctereutes vinetorum (Bate) 
Only the t ype specimen can be definitely classified within this species. 
T abttn . Level C, B.M. No. l\I 152/8, left maxilla (BATE, 193/, fig. 3k ). 
This species was described by B ATE under the generic name Vulpes, but , 
as she also recognised, the shape of the upper molars most nearly resembles 
that in Nyctere~etes, and is very unlike that in Vulpes. The mandible B.~I. o. 
115837, referred by B ATE (op.cit ., fig. 3 1-m) to the same species, has the 
typical Vulpes ramus shape and cannot possibly be _\'yctereutes; probably this 
led B ATE to decide against the Raccoon-Dog genus. However, this mandible is 
also somewhat too small to fit the size of the Tabiin C canid, but on the other 
hand fits well into the Red Fox series. 
The relationship between this species and other known forms of Raccoon-
Dog is hard t o evaluate on the basis of the scanty material. ~Iorphologically 
it resembles the European Nyctereutes rnegamastoides (Pomel), especially in fll' 
which has a broad inner lobe and is roughly trapezoid in general outline; the 
Asiatic forms , Nyctere~etes sinensis ( chlo er) and ¥ycterwtes procyonoides 
(Gray) tend to have a more nearly triangular ~P . 
Comparative dimensions for a number of samples are set forth in table 22. 
The material used is as follows: 'yctereutes donnezani (Deperet) from Perpignan, 
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University of Lyon and Natural History Museum, Paris; Nyctereutes megamas-
toides from Villaroya , Saint-Vallier, and Seneze, in the :Jiuseum of Sabadell and 
the Natural History l\Iuseums of Lyon and Easel; Nyctereutes sinensis from 
Choukoutien Locality 1 on data published by PEr (1934) 1; Nyctereutes pro-
cyouoides from Choukoutien Upper Cave on data published by PEr (1940)1 ; 
TABLE 22. Dimensions of upper cheek teeth in species of Raccoon-Dog (Nyctereutes). 
N O.R. )! S. D . V 
Length , P~ 
N . procyonoides, recent 9 9.4- 11 .5 10.13±0.22 0 .67 6.6 
N. vinetorum, )I t. Ca r mel 1 3. 7 
.1\' . procyonoides, Up . Caye 2 10.6-11.3 I 0.95 
.V. sinensis, Choukout ien 12 12.1-14.1 "13.13± 0.!9 0.67 5. 1 
N. megamastoides, E urope 8 11. 7-1 4.3 12.89 ±0.31 0.87 6.8 
N. donnezani, Perp ignan 4 12.3-1 3.6 12.80 ± 0.30 
Breadth , p4 
N. procyonoides, r ecent 8 5.3- 5.8 5.58±0.07 0. 19 3.3 
.V. vi uetortttn, Mt. Carmel I .2 
N. procyonoides, Up. Cave 2 5.7- 5.8 5.75 
N. sinensis, Choukoutien 12 6.0- 7.5 6.90±0.13 0.47 6.8 
N. megamastoides, E urope 7 6.0- /.1 6.52± 0.19 0.50 7.6 
N. d01mezani, Perpigna n 3 6.5- 6.8 6.67±0.09 
Breadth , llfl 
N. procyonoides, r ecent 8 9.7-11.2 10.f>l ±0 .19 0.53 5.1 
N. vinetorum, 1\It . Ca rmel 1 13.9 
_V. megamastoides, E urope 8 1 2. 7- 14.4 13.62::!::: 0.26 0.74 5.4 
N . donneza~Li, Perp ignan 3 12.7-13.0 12.87±0.09 
L ength , llfl 
N. procyonoides , r ecen t 9 8.0- 9.2 8.63 ± 0. 15 0. 44 5.1 
_V. vinetorum, Mt. Ca r mel 10.1 
procyonoides, Up. Cave 2 8.9- 9.0 8.95 
rv. sinellsis, Choukoutien 12 9.6-1 1.5 10.44 ± 0.15 0.50 4.8 
.Y. megamastoides, E urope 9 9.3-11.4 10.31±0.19 0.58 5.7 
.\". donnezani, Perpignan 3 9. -10.6 10.!7±0.23 
Breadth, 1112 
procyonoides, r ecent 6.3- 7.7 /.09±0 .20 0.53 7.5 
vinetorwn, Mt . Ca rmel I 9.7 
megamastoides, E urope 8 9.2- 10.5 9.65±0.17 0.48 4.9 
donnczani, Perpignan 3 9.5-IO.o 9.77±0.15 
1 T h e widths of liP and 1112 were measured from the anteroextemal corne r of t he t ooth 
in my work, while PEr evident ly measured the width at a right angle to a line tangen t ia l 
to the outside of the tooth. Both methods are logical but the results a re not com parable 
and hence I do not gh·e data on t he mola r widths of the Chinese forms. 
4. 
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Fie . 6. Ratio diagram, showing relative proportions of upper cheek teeth in species of 
Nyctereutes . Left to right, N yctereutes procyonoides, recent (R); same species, Choukoutien 
Upper Cave (UC); Nyctereutes donnezani, Perpignan (PE, squares and dashed line); .\'ycte-
Yeutes megamastoides, Villafranchian of Europe (VF, circles and continuous line); .\'ycte-
Yettles sinensis, Choukoutien , loc. 1 (CK, triangles); type of .\'yclereu/es vinelorum, :\fount 
Carmel (standard of compa rison, cro es). 
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FIG. 7. Covariation of the lengths of P' and :\fl in pedes of ,\"yctatut~s. Symbols as in 
fig. 6. Axis r epresents the entire sample except 1\'yctereutes t•irulorum (cross). 
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recent Nyctereutes procyonoides in the ::\Iuseum of Zoology in HelsinkifHelsing-
fors, Naturhistoriska Riskmuseet in Stockholm, and the Senckenberg Museum 
in Frankfurt. The results are also presented in the form of a ratio diagram in 
fig . 6, using Nyctereutes vinetorum as a standard. 
In size the Palestine form agrees with the big Astian, Villafranchian , and 
Middle Pleistocene Raccoon-Dogs; both the recent and Late Pleistocene (Upper 
Cave) forms of East Asia are much smaller. It is somewhat surprising to see 
that Raccoon-Dogs of this large size survived in the Jear East as late as the 
Early Wtirm. 
The specimen differs slightly in relative proportions from the averages in 
the other populations: the two molars are somewhat shorter, relative to other 
dimensions. This may be a valid character for the species, but it may also be 
an individual variation; fig. 7 shows, for instance, that the relationship 
between the lengths of P4 and ~p in Nyctereutes vinetorum falls within the 
realised variation range in the other species. 
The Brown Bear, U rsus arctos L. 
The material of Brown Bear is comparatively large, but the great majority 
of specimens comes from a single locality, Ksar 'Akil. 
K ebarah. Level D , right :1~ . 
K sar 'Akil. Two m a..xill ae, nine mandibles, seven upper and five lower C, six P4 , six 
:lfl , t en M2, one P 4 , eight :!'111 , fifteen :lf2 , five :IIJ. Age: Earl) \\"iirm to the end of the Main 
\\"iirm. 
Tabun. Level C, B.:IL X o. ::'11 16 152, right maxilla with :IP- ::'112 • 
Zuttiyeh. Acheulean level, B.::'!L Ko. ::\[ 1338:;, left mandible; B.::'!L Ko. !\[ 13388, right 
m andible. Not seen, right m axilla and loose teeth (data from BATE in TuRVILLE- P ETRE, 
1927). 
BATE (1937) mentioned the presence of t\vo size groups in the bears from 
Mount Carmel, and tentatively suggested that two species were represented 
here, Ursus arctos L. and Ursus mediterraneus ::\Iajor. The latter form, which 
may probably be regarded as a subspecies (or at any rate a close ally) of 
Ursus thibetanus G. Cuvier, is however a middle Pleistocene form (see THENIUS, 
1958), though it may have survived to a some,vhat later date in Italy. H OOIJER 
(1961) showed that the small teeth from Tabun are within the range of present-
day Brown Bear. The dichotomy in size is also seen in the foot bones, which 
show marked sexual dimorphism in bears (KGRTEX, 1959); probably the size 
groups at 1\Iount Carmel may be similarly interpreted as male and female. 
On the other hand the great size of the Brown Bear from Zuttiyeh , as 
compared with the Ksar 'Akil and ::\Iount Carmel form, is due to evolutionary 
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differentiation (HOOJIER, op.cit.). The Zuttiyeh material is of earlier date, 
probably from the Eemian. There are two size groups in this material as well, 
exemplified by the two specimens of ~p mentioned by BATE (see table 22). In 
one of the mandibles, B.M. No. M 13387, with C, P4 , l\11, and M3 , the cheek 
teeth are very large. The second mandible, B.;\l. o. l\I 133 , carries only 
C and M 2 ; the molar, though somewhat larger than the average for Ksar 'Akil, 
is not very large. The sizes of the canine teeth, however, do not suggest differ-
ent sex in the two mandibles; the width of C; is 15.s mm. in To . .:\I 13387 and 
17.2 mm. in No. M 13388. 
There is great local differentiation in size in the living Brown Bear (see 
K uRTEN, 1955, fig . 9). The smallest form is found in western Europe and south-
western Asia. The Brown Bear in Asia Minor, yria, Caucasus, and Persia is 
regarded as a distinct subspecies, Ursus arctos syriaCl~ Hemprich & Ehren-
berg; it is extinct in Palestine. The material available to me has been rather 
small (two specimens from Asia Minor in the British .:\Iuseum and one from 
Caucasus in the American Museum of Natural History), and in addition I have 
used the data on dentitions published by MIDDEJ\TDORFF (1 53). His list of 
measurements includes five specimens from Caucasus. He omits to record 
the dimensions of lW and M2 , and it follows that the data on these teeth are 
incomplete in table 23. 
TABLE 23. Dimensions of cheek teeth in recmt U rsus arctos syriacus ar1d in fossil Browr1 
Bear from Palestine. 
N O.R. .D. V 
Length, P' 
Recent 8 1 3.0-15.5 14.55:t:O.so 0. 5. 
Ksar 'Akil 8 13.2-1 6.6 15.2 ±0.4 1.2 7.8 
Breadth, p4 
Recent 7 IO .o-12 .2 11.39± 0.211 0 .7 6. 
Ksar 'Akil 8 9.9-12.4 11.12 ± 0.31 0. 7 7. 
Length, M1 
Recent 8 18.0-22.6 20.5 ± 0.8 1.6 7.7 
Ksar 'Akil 8 20.5-23. 22.2 ±0.6 1.4 6.1 
Tabun C 19. 
Breadth, M1 
Recent 8 13.5- 15. 7 14 .i6 ±0.29 0. 2 5.6 
Ksar 'Akil 7 1 't.8- l j.6 16.3 ±0.4 I.! 6.9 
Tabun C 1 14 .I 
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N O.R. :\I S. D. V 
Length , i\!2 
R ecent 8 :JO.o-:36.3 32.9 ± 0.9 ~-5 ; .6 
K sar 'Akil 10 32 .0-36.3 3't. 2 ±tl.;; 1.5 '• .4 
T a bun C I 29.6 
Zuttiyeh 2 :19.:>-4~.0 ~ I. 
Breadth, M2 
R ecent 6 15.0- 18. 16.6 ±0.:; 1. 3 ; .8 
K sii r 'A!UI 10 16.5-20.0 18.00±0.34 1. 0 6.0 
T abun C I 15. 
Zuttiyeh 2 2 1.0-23.0 ~2.0 
Length, P 4 
R ecent 8 II.0- 13.0 1 2. 10± 0 .22 0.62 5.2 
K siir 'A!UI 4 11.9-1\ .7 13.7 ±0.6 
Zuttiyeh 15.0 
Breadth, P4 
R ecent 6.0- 8.0 6. 76 ;::: 0.31 fl.82 12. 1 
K siir ' Akil 3 6.5- 8.0 ; .1 ±0.6 
Zuttiyeh 8 . 7 
Length , ::11 1 
R ecent 3 ~ 1.2-2:3.0 2 1.9 ±0.6 
K siir 'Akil 12 20.6-26.6 22. 7 ~0.;; 1. 9 8.2 
Zuttiyeh 28.0 
Breadth, M1 
Recent I I 1.0 
K siir 'Akil 11 10.o- 1!, .2 11.7 :t:0.4 1. 2 I 0.3 
Zuttiyeh 12.7 
Length, ::If! 
R ecent 3 23.3-23.9 23.67± 0.19 
K ebarah D I 24.5 
K sii r 'Akil 18 22. 7-26.9 24.55 ± 0.23 0.9 4.0 
Zuttiyeh 25.2 
Breadth, ::1!2 
R ecent 2 15.0-16.3 1 5.65 
K ebarah I 14.6 
K a r ' A!UI 16 1!,.2-18.2 15.51:::::0.25 1. 01 6.:; 
Zuttiyeh 16 .1 
Length , M8 
R ecent 1 :;.o-:!2.1 18.9 ± 0.6 1.6 8.6 
K sii r 'Akil 9 18. -23.1 2 1.0 ±0.5 1.4 6.5 
Zuttiyeh 25.5 
Breadth, M3 
R ecent 5 13.5- 15 .7 14.1 ±0.4 0.9 6. 4 
K sii r 'Akil 8 1:1.9-18.6 1 5.20~0.33 0.92 6.1 
Zuttiyeh I .6 
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The material from Ksar 'Akil tends to larger dimensions than the recent, 
and the average excess (in length of cheek teeth) is 6.9 °~. The contemporary 
specimens from Tabun and Kebarah may represent small female individuals 
(see data on lW, lVP and M2 in table 22); the former is smaller than any specimen 
from Ksar 'Akil . It would then seem that the males were only represented by 
some postcranial bones in the :Mount Carmel caves. 
The Brown Bear of Zuttiyeh is much larger; the size index is 124.o %. 
Thus a size decrease from the Eemian is indicated (Eem 124.o; \Viirm 106.9; 
Recent 100 %). However, the decrease was not gradual and continuous. The 
record at Ksar 'Akil is relatively good all the way from the Early Wiirm 
through the Interstadial and up to the end of the :.rain \Viirm. If there had 
been a steady decrease in size during the \Viirm, we might expect to find a 
significant correlation between tooth size and stratigraphic level . The correla-
tion was however found t o be practically zero: r = O.os, D.F. = 64. In other 
words, the size of the Brown Bear appears to have been stable in Palestine 
during the entire time span from the Early Wiirm to the end of the Pleistocene. 
(See Fig. 8.) 
It follows that the decrease in size must have been episodic and interrupted 
by long periods of near-stability. One of the episodes occurred at the end of the 
Eemian, the other in the Postglacial. 
The bear from Zuttiyeh compares closely in dimensions with the great 
Pleistocene Brown Bear in Europe (table 24). The form occurring in the cave 
earth of Kent's Cavern, of Wiirm date, is particularly large, but nearly the 
same dimensions were reached by the Brown Bear that lived in England at the 
end of the Saale Glaciation and left its bones in the Bear tratum of Tornewton 
Cave. The Eemian Interglacial form was somewhat smaller; it is exemplified 
by the fossils from the travertines at Taubach (data from REICHEXAU, 1906, 
SoERGEL, 1926, and original) . The Zuttiyeh bear is somewhat closer in size 
to the Glacial than to the Interglacial forms in Europe, but it is within the 
range of the latter as well as the former. 
In Europe, as in Palestine, there has been a reduction in the size of the 
Brown Bear. In Europe, however, the dwarfing took place mainly in the 
Postglacial, and there was an analogous oscillation in size in earlier Glacial-
Interglacial cycles (see table 24; also KURTEN, 1959). In Palestine the dwarfing 
began at an earlier date. In Europe the Brown Bear increased in stature from 
the Eemian to the Wiirm; in Palestine it was dwarfed. This difference shows 
that great caution is necessary in generalizing about evolutionary trends on the 
basis of local records. 
HOOIJER (op.cit.) remarked on the great size of ~!3 in the Brown Bear 
from Ksar 'Akil. The mean length of this tooth is, in fact, 12 % greater than 
that in the recent sample, while the average e_'(cess for the cheek teeth, as 
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FiG. 8. R elat ionship between st ratigraphic le,·el a nd size of t eeth of Ur>us arclos from 
K sii r 'Akil. Each dot represents the length of a cheek tooth in per cent of the mean length 
of the same tooth in the recent sample. 
already mentioned, is only 6.9 %- (The P4 is also relatively large, but the ma-
terial of this tooth is considerably maller and the deviation has less statistical 
importance.) The Zuttiyeh form tends even more to the extreme as regards 
~I3 , for the excess in size is 35 %, while the average for Zuttiyeh is 24.o %-
The great length of 113 is also characteristic of the Pleistocene Brown Bear in 
Europe, and particularly in the early form , dating from the Saale; this trait 
in the fossil Palestine populations may perhaps be interpreted as a locally 
persisting character dating back to the middle Pleistocene. The large M3 is 
also found in the great Brown Bear from Choukoutien (PEr 1934). 
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TABLE 24. Lengths of lower molars in fossil Ursu s arctos from Europe, dating from the 
Saale Glaciation, the E emian I nterglacial, and the ll" iirm Glaciatian, compared with P alestine 
fossils. 
Length, l\11 L eng th, ~I~ Length, M3 
N M N M ~ M 
Kent's Cavern 21 27.2 ± 0.4 42 28.35::!:::0.24 34 '23 .9 ±0 .4 
Ksa r 'Akil 12 22.7 ±0.5 18 24.55±0.23 9 2 1.0 ± 0.5 
Taubach I '• 24.9 ± 0.4 30 21. 14 ::!:::0.25 8 22 .74 ±0.27 
Zuttiyeh 1 28.0 •J 25. 2 25.5 
Tornewton Bear Str. 25 26 .10 ± 0.20 36 2/. 5::!:::0.31 24 24.2 ± 0.5 
It seems probable that there is an unbroken lineage in the Brown Bear 
population of Palestine since the Eemian, and that it >>survives in the Recent 
U. arctos syriacus>> (BATE, 1937, p. 184); in other words, that the present-day 
form evolved in situ from a larger Pleistocene type without being greatl y 
affected by migration or gene flow. During much of the Wiirm , steep climatic 
gradients would probably have checked most of the gene flow between this 
population and Europe; this was the time when the two local populations 
diverged markedly in size. In Postglacial times, however, gene flow from the 
populations in the Near East may have played a part in the rapid dwarfing 
of the European Brown Bear (KURTEN, 1959). 
Other species of Carni ora 
A few species have been described from the caves in addition to those di -
cussed in the previous chapters. A number of species names have already been 
mentioned as probably mistaken identification , and it may perhaps be worth 
while to recount them briefly. 
Hyaena prisca de Serres, described by BATE (1937, 1942) from Iount 
Carmel and Shukbah, is here regarded as a subspecies of Hyaena hy aena. The 
latter is also recorded (>>Hy aena striata>>) at Zuttiyeh, but the identification 
was not definitive; the specimen was a humerus (BATE in TURVILLE-PETRE, 
1927). 
Martes martes (L.) appears in many faunal lists but probably does not 
occur; the species is M artes f oina. 
Canis familiaris L. (from Mount Carmel and hukbah) i a mistaken identi-
fication of Canis lupus. 
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Canis aureus does not appear to be present, except for the specimen at 
Ksfn 'Akil, which comes out of a sub recent stratum. 
Vulpes niloticus (Desmarest ), tentatively identified by BATE (in TURVIT.LE-
PETRE, 1927) from Zuttiyeh, is a synonym of Vulpes vulpes . 
Two forms have been mentioned on postcranial material only , and have 
not been discussed here. Both come from Zuttiyeh (BATE in TuRVII.LE-PETRE, 
1927); they are ? Herpestes ichneumon (L .), based on a humerus, and an un-
identified viverrine, based on femur and tibia of a somewhat larger animal. 
The Egyptian Mongoose is still present in Palestine. 
Finall y, a number of Carnivora existing to-day in Palestine a re absent in 
the caves: 
The Genet, Genetta genetta (L). 
The Caracal Lynx, Felis caracal Schreber. 
The Northern Lynx, Felis lynx L. ; this is mentioned from Palestine, doubt-
fully, by ELLERMAN & l\IORRISON-SCOTT (1951). 
The Polecat, Putorius putorius (L). 
The Ratel , M ellivora capensis Schreber. 
The Otter, Lutra lutra (L.). 
~Iany other species, e.g. the Weasel, Mustela nivalis L., inhabit closely 
adjacent territories and may well have existed here in the Pleistocene or 
Postglacial. Other caves in the Palestine region have yielded additional forms, 
such as the Lion, known e.g. from mm Qatafah in the Judean Desert (PICARD, 
1937); this species has but recently become extinct in the l\Iediterranean region. 
The Cave Bear, Ursus spelaeus Rosenmilller & Heinroth, was identified by 
H OOIJER (1961) on scanty material from a rock-shelter at Adlun in Lebanon 
(fragmentary incisors) ; the specimens are perhaps not completely convincing, 
as the Brown Bear from Zuttiyeh proves the presence of enormous Ursus 
arctos in the Eemian. 
Faunal and evolutionary analysis 
Range and number 
The probable number of individuals of the various species represented by 
the fossils from each stratigraphic level has been assessed and is shown in 
table 25. Out of an estimated grand total of 356 individuals, no less than one-
third (33 %) are Red Fox, the most common species in the caves. A second 
group comprises Wildcat (15 %), Brown Bear (13 %), Spotted H yena, and 
Beech l\Iarten (9 % each). The Wolf and Badger (5% each), Leopard (4 %) , 
and Wolf Jackal (3 %) are decidedly less common , and finally there is a small 
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TABLE 2 5 . E stimated numbers of i ndividuals represented by fossil specimens of Carnivora 
from the caves of K ebarah, TVad, Sklml , T ab un , Shukbah , Z ttttiyeh, a>1d K sar 'A ki f. 
Crocuta croc uta 
H yaena hy aen a 
F elis silvestris 
F elis chaus 
F elis pardus 
Vormela peregu sna 
NI artes foina 
NI eles metes 
Canis lupus 
Canis lupaster 
V ulpes vulpes 
N yctereutes vinetorwn 
Ursus arctos 
Total 
Early Inter-
Eem Wiirm stadia! 
2 
2 
3 
4 
12 
6 
6 
1 
4 
9 
4 
32 
12 
I 
3 
I 
6 
2 
I 
6 
3 
8 
20 
63 
l\Ia in Wlirm 
(early) {late) 
6 
11 •1/ 
2 
1 
6 15 
3 3 
5 2 
·1s 26 
12 
6 1 82 
1 Only presence ( X ) or absence ( - ) noted for the R ecent. 
Post- R ecent1 glacia l 
X 
21 X 
X 
1 X 
3 X 
9 X 
12 X 
5 X 
53 X 
X 
106 
group of rare forms: Marbled Polecat (2 %). Striped Hyena and Jungle Cat 
(1 % each), and Raccoon-Dog (less than 1 %). 
The numbers, of course, do not reflect the actual population sizes in the 
species. The fossil representation in the cave is influenced by so many factors 
besides the size of the standing population that comparison between different 
species is usually meaningless. Such factors are the ecological conditions in the 
immediate neighbourhood of the caves; the habits of those animals that came 
into the caves under their own power or that brought in their prey; and the 
food choice of Man. 
On the other hand, ecologically similar populations will be omewhat less 
affected by these factors of bias, and the relative numbers of individuals 
preserved may be to some extent correlated with actual population size. 
This may be particularly true for successive temporal populations of a single 
species. Such changes in relative abundance have been shown to give useful 
indication of climatic changes and thus presumably to be correlated with 
changes in population size (see the I ntroduction). As regards the Carnivora, 
however, great caution is necessary, for these animals were not a regular source 
of food for Man and their numbers are so small that chance fluctuations will 
affect the representation; in particular, negative evidence (absence) is inconclu-
sive. 
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The relative abundance of species of Carnivora at successive levels i 
depicted in fig. 9. The width of the symbol at each level is proportional to the 
number of individuals in per cent of the whole fauna of Carnivora present at 
the level; the data are from table 24. 
The total stratigraphic range of species is of basic importance in faunal 
correlation. In the present case it should be remembered that the data for the 
earliest (Eemian) level are quite incomplete and that absence at this le;·el is 
likely to be spurious and to result merely from the incompleteness of the record. 
The Leopard, for instance, was present in relatively great numbers in the 
Early Wiirm, and there is no reason to suppose that the species was actually 
absent in the Eemian. The Leopard appears as early as the middle Pleistocene 
in Africa, Europe, and Asia, and persists to the end of the Pleistocene in Europe, 
and to the present day in Africa and Asia. 
Again, negative evidence is obviously very unreliable in the case of species 
like the Jungle Cat, the Marbled Polecat, and the Raccoon-Dog, whose remains 
only very rarely found their way into the caves. 
The case of the Wolf is somewhat more complicated. A priori it might be 
regarded as analogous to the Leopard. The Wolf is known from the middle 
Pleistocene to the recent both in Europe and in Asia, and it may well have been 
present in Palestine in the Eemian, even if its bones have not been found in 
the caves. On the other hand it may be noted that the Wolf Jackal is parti-
cularly common in the Eemian and that its representation dwindles as that of 
the Wolf increases in the Early Wiirm and Gottweig. There is thus a possibility 
that the two species were in competition to some degree. The present-day 
ranges of the two species do not overlap and they may to some extent be re-
garded as ecological vicars. Palestine is close to the margins of the present-day 
ranges of both species and relatively slight fluctuations of these margins would 
bring about an alternation like that seen in the fo il record. 
A clearer case of ecological vicars is that of the H yenas, and it i very likely 
that the Spotted Hyena was rare or absent in the Eemian, which was the heyday 
of the Striped Hyena. With the appearance in force of the potted H yena in 
the Early Wiirm, the representation of the Striped H yena declines sharply 
and peters out in the Interstadial. The potted Hyena, a dominant specie 
in the Interstadial, gradually becomes rarer in the Main \ iirm and 
Postglacial, and finally dies out locally. 
One species, the Beech Marten, appears late in the sequence and rapidly 
attains comparatively great numbers. In this case the indication is that the 
species was actually absent in the Early Wiirm and Interstadial and immigrated 
only in the Main Wiirm. The Wildcat also attains a dominant tatus only in the 
Main Wiirm, but it was present in the Interstadial and probably also in the 
Eemian. Whether it was extinct in the area during the Early Wiirm, as the 
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eYidence may suggest, is uncertain , but it may be suggestive that the trend in 
the Interstadial and l\Iain Wiirm indicates a gradual expansion in numbers. 
Badger is comparatively rare in most strata and its absence in the Eemian 
and Early Wiirm should probably not be regarded as significant. This animal 
is quite common in some European caves, but in Europe as in Palestine it is 
especially often met with in Postglacial strata. 
The expansion in numbers of the Wildcat is an example of long-continued 
trend in population size. Perhaps the best instance of such a trend is that of 
the Spotted Hyena, which, after its apogee in the Early Wiirm, shows a 
gradual decrease leading eventually to extinction. A very similar case is that 
of the Leopard, which, from being a dominant form in the Early Wiirm, gra-
dually becomes rarer, though it lingers on in attenuated numbers into historical 
times. The Wolf ] ackal also has a regularly decreasing representation. The 
trend in the Brown Bear is less regular but the total effect is one of gradual 
decrease. It is interesting to note that all of these four species, showing a decline 
in numbers beginning as far back as the Interstadial , are now extinct locally. 
Instances of long-range increase in numbers are less common and besides 
the Wildcat only the Fox is a good one. The indication that Fox, Wildcat, 
Beech Marten and Badger were common in J\Iesolithic times, while Leopard, 
Spotted Hyena, Bear and Wolf were rare, is probably quite correct. By that 
time the activities of Man had probably already brought about a decimation 
of the large Carnivora. 
In this way it can be shown that a quantitative analysis of successive faunas 
will give many items of information that are missed completely if only bare 
stratigraphic ranges are recorded. The sharpness of the >>faunal break» (BATE 
1937; HrGGS, 1962) is lost and and a picture of more gradual transitions 
emerges, showing a certain intensification of migration and extinction in the 
Interstadial. The extinctions in the Interstadial are maximally two (Hyaena 
hyaena prisca and Canis lupaster), the immigrations three (Felis chaus, Vormela 
peregusna, and M eles metes, all of them doubtful). As the total sum of species 
in 11, the rates of immigration and e.A'"tinction are 27 % and 18 % respectively; 
or, as an average rate of faunal turnover, 23 % (see KURTEK, 1960). The corres-
ponding numbers for the Early Wiirm are 11 % extinction and 44 % immigra-
tion (or average turnover 2 %), but the immigration figure is almost certainly 
spuriously high. If, as seems likely, Felis pardus and f\)ctereutes vinetorum 
were present before the Early Wiirrn, the immigration figure is lowered to 22 % 
and the average turnover to 17 %, slightly lower than that for the Interstadial. 
In the fain Wiirm there was probably no extinction, and the rate of immigra-
tion is 10 %, so the rate of faunal change is greatly reduced. In the Postglacial 
it increases as a result of the e:xtinctions, 1 %, or 36 % if the e:xtinctions within 
historical time are included. 
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Changes in size 
All of the evolutionary changes found in the sequences discussed here have 
been on the infraspecific level. This is natural for such a short time span. The 
remarkable changes are those concerning the body size of the Yarious species. 
In a selectionist interpretation such changes should be analysed as to 
adaptive significance. There are of course possibilities for nonadaptive change 
- genetic drift and the founder principle - but they do not seem important 
in the present case, except possibly for species on the brink of extinction, like 
the Spotted Hyena in the Mesolithic. Otherwise, the populations probably 
were large enough to be governed by selection alone in their evolution. 
Bergmann's Rule is the best-known principle for size change in mammals; 
it is related to heat-loss, and body size will increase as the climate becomes 
colder. A number of mammals have been shown to Yary in this way during 
Pleistocene cold-warm oscillations, for instance the Bron'TI Bear (KURTEN, 
1959) and several species of Cricetidae (KURTEX, 1960). Oddly, some forms 
vary inversely to Bergmann's Rule, for instance some species of _Uustela 
(REICHSTEIN, 1957; K uRTEN, 1960). They may be governed by the population-
density factor to be discussed next. 
This second rule of size change is perhaps e..xemplified in its most drastic 
form by the dwarfing seen in many insular populations. \ 'arious interpretations 
have been suggested, but it is perhaps most likely to represent an adaptation 
for keeping population numbers high in spite of a severe limitation of habitat 
and food supply. An adequate population size is necessary for the maintaining 
of genetic variability and to ensure survival despite accidents. As is well known, 
such dwarfing may lead to quite extreme forms like the :.Ialtese Eleplzas Jal-
coneri, which stood less than one meter high at the shoulders (0 BOIU'<, '1942). 
Less severe limitations of habitat and food production may however also 
affect body size. If counteracted by some degree of dwarfing, the impoverish-
ment of the environment need not result in a too drastic reduction of the 
population below optimal density. In the present ea e it seems evident that 
Man and the evolution of human culture was a factor greatly influencing the 
milieus of the Carnivora. Other factors are climate, competition from other 
species, and so on. Under this principle, which we may term the population-
density factor, then, a decrease in body size would indicate the onset of unfa-
vourable conditions for the species in question. "nen released from pressure of 
this type, the population may be expected to revert to optimal body size. 
Analogous results are, of cour e, produced phenotypically by stunting in 
adverse conditions; in practice this stage may well precede genetic adjustment 
and so produce the so-called Baldwin effect (see IMP ox, 1953). 
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Frc. J 0. Size trends in the late Pleistocene and Postglacial among Carni\·ora in Palestine, 
represented as changes in the size index. 
Bergmann's Rule and the population-density factor were probably the 
two most important general principles governing the size changes in the late 
Pleistocene and Holocene Carnivora of Palestine. In addition, of course, there 
will be all the factors related to specific adaptations, which presumably came 
into play when slackening of other pressures made a reversion to optimal 
size po ille. The factor so instructi\"ely discu ed by REx CH (195t.) in 
connexion with Cope's (or Deperet's) Law are mostly part of the specific adapta-
tion pattern. He mentions, for instance, the greater strength and resilience 
of larger forms; the possible advantages conferred by their allometric proper-
tons; their histological advantages; and their greater longevity. 
Finally, hybrid vigour may increase body size, and may occur, for instance, 
in the zone of overlap between two sub pecies; but this factor is not likely to be 
important, and the situation would be difficult to identify in the fossil 
record. 
Figure 10 shows the changes in the ize indices for seven species of Carnivora 
in Pale tine during the late Plei tocene and Postglacial. The standard of 
comparison (100 o,0 ) in mo t cases represents means for the present-day <:ar 
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East population of the species in question. Exceptions are M artes f oina (stan-
dard recent European population), Crocu.ta crocuta (standard: l\Iesolithic 
terminal form , Crocuta c. debilis), and Felis pardu.s (standard: means in ScHMin's 
recent sample). 
Data for some curves are less reliable than others, and this has been indi-
cated by increasing the gaps between the dashes in the broken lines. For 
instance, the size curves for the Wolf, the Wildcat, the Spotted Hyena, the 
Fox, and the Beech Marten are based on good data, especially in the Postgla-
cial and late Wiirm; while the Leopard curve, and the early part of the Brown 
Bear curve, are somewhat hypothetical. 
Changes in size during the Wiirm seem mostly to have been comparatively 
slow, such as the gradual size increase of the Red Fox, or decrease of the Wolf. 
The Brown Bear suffered radical dwarfing after the Eemian but the timing 
of the change is uncertain and its causation is obscure. The available data 
on the Leopard suggest an oscillation of the type shown, but definite conclus-
ions will be possible only when a larger material is available. If the size fluctua-
tion is real, it might be explained by alternating invasions of steppe and forest 
races, rather than by evolution in situ,. 
At the end of the Wiirm a series of dramatic changes in size were initiated. 
Perhaps the most surprising about them is that they were not contemporaneous. 
Three species, the Wolf, the Wildcat, and the Spotted Hyena, were suddenly 
dwarfed at the beginning of the Mesolithic; the change in all three cases was of 
the order of 20 % in linear dimensions. The most likely explanation of this 
drastic dwarfing would seem to be related to the multiplication of the human 
population and its increasing inroads on the available game: this would be a 
population-density reaction of the type discussed above. For one of the species 
the reaction did not solve the problem, for the potted Hyena became 
extinct. 
Remarkably enough, however, the Red Fox, so far from being dwarfed in 
the Mesolithic, actually grew larger and more numerous than ever before, and 
thus flourished in the circumstances so adverse to the Wolf, the \ ildcat, and 
the Spotted Hyena. It may perhaps be thought that the Fox found a lucrative 
niche somehow in conjunction with l\fesolithic Man himself, perhaps in some 
kind of scavenging role; or, just possibly, the Fox may have profited in some 
way from the reduction in numbers of the other carni orous species. 
With the development of cultivation in the eolithic and later, however, 
the Red Fox seems to have met with adverse conditions, so that it suffered a 
reduction in size, although this only amounted to about '10 % and thus was 
less spectacular than in the other species. The change may have been a reaction 
on the general impoverishing of the habitat due to cultivation, forest clearing, 
desiccation, and so on. 
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The Beech :.rarten apparently differs from all the species discussed so far, 
in not being very much influenced by the evolving human cultures. It suffered 
a gradual decrease in size, but this trend started well back in the Wi.irm and 
seems to have continued throughout at a nearly constant rate. It should be 
remembered, however, that the data used here do not reveal the later Postgla-
cial history of this species in the Near East. till, the Beech :.rarten is known 
as a particularly successful exploiter of the .culture steppes•> in Europe, so it 
may not in fact have been at all adversely affected by the evolution of human 
cultures. 
It is informative to compare these trends with those found in European 
Carnivora in the :.rain Wiirm and Po tglacial (fig. 11). Here, both the Brown 
Bear, the Pine Marten, the Wolverine, and the \\-ildcat suffered great reduction 
in size, and all the trends were parallel. At least in part this may well be the 
working of Bergmann's Rule in time. On the other band, the Wolf, Red Fox, 
Polecat, and Lynx did not change appreciably in size. Finally, both the Otter 
and the Badger increased in size, but the increase in both cases falls on the 
earlier part of the Postglacial , and was followed by stability. Details of the 
sequences are given in K RTE:-1 (195H). 
5 
66 Bj6rn I<urten: The Carnivora of the Palestine caves 
Some of the species reacted in much the same way both in Europe and in 
the Near East: both the Brown Bear and the Wildcat decreased in size, and 
the two species of Marten - the Pine Marten in Europe and the Beech l\Iarten 
in Palestine - also behaved in this way. On the other hand, the Wolf and 
the Fox, both of which were dwarfed in Palestine, continued without any 
change in Europe. It is evident that different settings may produce quite 
varied responses of the constellation carnivore species, climatic change, and 
evolving human cultures. 
No comparable data are at present available for other areas. It would be 
very useful to have . analogous studies of the late Pleistocene and Postglacial 
size evolution for other areas (as well as other groups of mammals) . Abundant 
material will certainly be available in many places, especially in the form of 
midden remains. In this way, direct historical material will be available for 
generalizations on the impact of human culture and changing climate on the 
life and evolution of the mammals. Light may also be shed on the difficult 
problem of the mass extinction of animal species at the end of the Pleistocene. 
Summary 
The stratigraphic succession of the Palestine Caves has been interpreted 
as indicated in table 1, to correlate with the late Pleistocene and Postglacial 
sequence in Europe. The following species are represented. 
Crocuta crocuta from the Early Wiirm to the Mesolithic. The Wiirm-age 
population is described as Crocuta crocuta dorotheae, new subspecies. It is 
intermediate in size between the African Spotted Hyena and the European 
Cave Hyena. The greatly dwarfed Mesolithic form is named Crowta crowta 
debilis, new subspecies. 
Hyaena hyaena prisca from the Eemian to the Interstadial. It appears to 
have been extinct locally in the .Main \\ iirm and l\Iesolithic, perhaps as a 
result of competition from Crocuta crocuta. The Pleistocene form is larger than 
the present-day Hyaena hy aena in the area; the latter ha not been identified 
in the caves. 
Felis silvestris is rare in the Eemian, absent in the Early \i iirm , but common 
from the Interstadial on. The Pleistocene forms are very large, comparable 
to the Spanish Felis silvestris tartessia. The Wildcat was radically dwarfed in 
size in the Mesolithic. 
F elis chaus has only been found in the Interstadial and early Main \ iirm. 
Felis pardus is common in the Early \Viirm but becomes rare in later times. 
The Interstadial and Postglacial forms are larger than tho e in the Early and 
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Main Wiirm. This might be due to an alternation between steppe and forest 
races, but it might also represent sexual dimorphism, segregated by accidents 
of sampling. 
Vormela peregusna is found from the Interstadial on, but is rare throughout. 
M artes foina is the only Marten found. It appears in the Main Wiirm and 
is common throughout that stadia! and in the Postglacial. It shows a slow, 
gradual decrease in size. 
M eles metes is sparsely represented in the Pleistocene from the Interstadial 
on, but relatively common in the Postglacial. It differs only slightly from the 
living local Badger, for instance in the proportions of its l\11 . 
Canis lupus is found in moderate numbers from the Early Wiirm on. Its 
representation varies inversely with that of Canis lupaster, suggesting that the 
two species might have been competing. Pleistocene wolves are large, but in 
the l\Iesolithic this species was radically dwarfed and attained about the same 
size as the small present-day ear East wolves. 
Canis lt~paster is common in the Eemian but dwindles in later strata, to be 
completely absent in the ::\Iain Wiirm. It again returned in the Mesolithic. 
The present-day Jackal of the area is Canis aureus, not found in the caves 
except for a late Postglacial find at Ksar 'Akil. 
Vulpes vulpes is the most common species of Carnivora in the caves and is 
found throughout the sequence. Its size trend was a slow, gradual growth 
throughout the Wiirm up to and including the ~Iesolithic. Dwarfing occurred 
in post-Mesolithic times; the transition to the living Vulpes vulpes palaestina 
is demonstrated at Shukbah. 
yctereutes vinetorum is only known from the type, of Early Wiirm date. 
It belongs to the group of large Raccoon-Dogs exemplified by Nyctereutes 
megamastoides . 
Ursus arctos is present from the Eemian to the end of the Wiirm. The 
Eemian form (Zuttiyeh) was of gigantic size. The Brown Bear of the Wiirm 
was much smaller although still larger than present-day Brown Bears in adjoin-
ing areas. As the size of tbis form was stable in the Wiirm, the dwarfing must 
have occurred in two different phases, before and after the Wiirm. 
It is suggested that trends in relative repre entation, as in fig. 9, may give 
some idea of the population trends of the species in question. For instance, the 
local extinction of Crocuta crocuta, Hy aena hy aena prisca, Felis pardus, Canis 
lupaster and Ursus arctos has in each case been heralded by a gradual decrease 
in relative fossil representation . The alternating between competing species 
pairs uch as Crocuta crocuta and Hyaena hy aena , .or Canis lupus and Canis 
lt4paster, is also brought out. 
Size trends are summarized in fig . 10. The common phenomenon of a 
dwarfing in the Postglacial is taken as a response to unfavourable conditions, 
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enabling the population to maintain near-optimal density despite a reduced 
food supply. This reaction occurs at different times in different species and is 
probably related to phases in the evolution of human cultures. In the European 
setting (fig. 11) many species reacted in a different way than their allies in the 
Near East . .i\Iore studies of this kind will be necessary for a historical docu-
mentation of the impact of evolving human cultures on the mammalian fauna. 
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PLATE I 
A 
B 
A - R. B.::IL ::\o ~[ 16242, Crowta croruta debilis , new subspecies, type, right an d left 
m a nd ibles. Len~l B (:\' a tufi an ). :K ebarah , P2lest ine . One-half natura l size . 
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P r.ATE II 
A B 
c D 
A-B. Vormela peregusna, left mandibles . A . Level B (Xatufian, El \\·ad, Palestine. B. 
B.M. No. 94.5.7.1, recent , Damascus. Both twice natural size. 
C- D . Vormela peregusna, hind part of skull. C. B .~L Xo. 91.6.4.3, recent Asia minor. D . 
B.l\1. No. M 13881, Zuttiyeh, Palestine. Both twice natural size. 
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PLATE Ill 
B 
c D E 
A- B. J!artes joi11a, right m andible, internal and external , ·iews. len:l E (Aurignacian ), 
K ebara h , Palestine. Twice natural size. 
C- E. J! eles metes, right m a nd ibles, crown Yiew. C. B.:\L Xo. 23. 8.2~ . I , recent, )fount 
Carmel. D- E. LeYel B (Xa t ufiau). Kebarah, Palestine. X atural size. 
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PLATE IV 
A 
B 
c 
A - C. Ca11is lupus, man dibles. A . Hind pa rt of right ramu , le,·el E (Aurignacian), K ebarah, 
P a lestine. B. B.~L No. 99. ll .ti. :W, recent , Aden. . B. ~r. Xo. ~[ 16:!52, le\·el B (Xa tufian), 
Shukbah, Palestine. To illustra t e the change from the lar ge )fain \\ 'iirm form (A) to the 
small ::llesolithic wolf (C), which is of about the same ize as the recent (B.). All three-
fourths na tural size . 
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